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A DAM ACROSS THE CHARLES RIVER, between 
Boston and Cambridge, Mass., has been recommended by 
a special commission, consisting of Messrs. Henry S. 
Pritchett, Samuel M. Mansfield and Richard Dana. This 
commission was appointed in accordance with a legisla- 
tive act of 1901, as the result of a long agitation to form 
a waver parkeor pleasure basin in the Charles River. The 
commission advises that the dam should be so built as to 
exclude all salt water from the basin, and so as to main- 
tain the water level of the latter 8 or 9 ft. The site rec- 
ommended is at the present Craigie Sv. bridge, which 

- structure the dam would be so built as to replace. The 
dam, with marginal sewers to keep the water in the basin 
sufficiently pure, and with other improvements chargeable 
to the project, is estimated to cost $1,236,000. In a gen- 
eral way, the commission approves the plans proposed by 
a joint board, in 1894, and now on file in the office of the 
State Board of Health. The location of the dam and its 
nature, we are informed, also coincides with recom- 
mendations made by the late Charles Eliot, Landscape 
Architect, and seems to dispose of the objections that the 
tidal scour of Boston Harbor would be infjuriously af- 
fected thereby. i 


THE REMOVAL OF ICE GORGES in the. Hudson River 
near Albany is under consideration by the U. 8S. En- 
gineers. A public hearing on plans for the removal or 
prevention of ice gorges is to be held at Albany on 
Jan. 28. RLS 


a 
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THE SALARIES PAID THE ISTHMIAN CANAL COM- 
mission have beea made public by the State Department, 
in accordance with a request for the information from 
the Senate. The Commission was appointed in accord- 
ance with a law enacted March 3, 1889, which appro- 
priated $1,000,000 for the work of the Commission, and 
the compensation of the members of the Commission was 
left with the President. The salary of each membef of 
the Commission was fixed at $1,000 per month, with 
traveling and incidental expenses added. In the case of 
the army engineer members of the Commission, the 
amount of their regular salary was deducted from their 
allowance as members of the Commission. .The total ex- 
penditures of the Commission were $1,036,481, of which 
about $240,000 went to pay the salaries and expenses of 
the nine commissioners. 


> 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week was a rear collision on the Great Northern Ry. on 
Jan. 20, near Weriatchee, Wash. A work train ran into 
the rear of, a snow plow train standing on the track. The 
accident took place on a heavy down grade behind a 
sharp curve. Nine men are reported dead, all of them 
thembers of a work gang who were in the snow plow 
car. Another unusually bad accident was also a rear 
collision, which occurred on the Baltimore & Ohio R. R. 
at Cumberland, Md., on Jan. 16. An express passenger 
train running at high speed crashed into the rear of two 
engines standing in the yards. Four trainmen were 
killed in the wreck. The accident is said to be due to a 
boy who happened to be in the signal tower and who 
changed the setting of a signal without the knowledge of 
the towerman. 


THE CROTON AQUEDUCT COMMISSION is not to be 
disturbed, says Mayor Low, in reply to the communica- 
tion from a committee of the New York Merchants’ 
Association, noted in these columns last week. The 
reasons for not granting the request of the committee 
are (1) that the Mayor could not remove the members of 
the Aqueduct Commission if he would and (2) that he 
would not do so if he could. Back of the latter are other 


greund, 


and more specific grounds for non-action, the chief of 
which are (1) Mayor Low’s belief that some of the ques- 
tions at issue no longer have any force except that due 
to the partisanship of the supporters of the present and 
the last preceding chief engineer of the commission and 
(2) his further belief that the charges that the commls- 
sioners have neglected their duties and failed to push for- 


- ward the work on the New Croton Dam and the Jerome 


Park Reservoir are entirely groundless. In short, from 
his position as ex-officio member of the Aqueduct Com- 
mission, Mayor Low apparently believes that the Mer- 
chants’ Association Committee has acted either in ‘gnor- 
ance or regardless of the facts in the case, although of 
course he does not question the good intentions of the 
committee. 
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TWO FATAL LOCOMOTIVE BOILER ACCIDENTS are 
noted during the past week. On Jan. 18 the crown sheet 
of a freight engine on the Baltimore & Ohio R. R. blew 
down when near Frederick, Md., and five men who were 
in the cab at the time were killed by the flame burst- 
ing from the firedoors. On Jan. 19, a freight engine 
on the New York Central & Hudson River R. R. blew up 
near Albany, N. Y., killing the engineer and fireman. 
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A BLAST FURNACE EXPLOSION, Jan. 17, at the 
National Tube Works, Monongahela, Pa., killed three 
men and injured seven, of whom four will die. ‘The men 
were working on top of the furnace, 8) ft. above the 
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A TERRIFIC EXPLOSION OF DYNAMITE, Jan. 14, 


' at the Hamilton Powder Co. works, near Nanaimo, B. C., 


blew 12 men to'fragments. A gun-cotton storage house 
first exploded, the concussion setting off the ‘‘gelignite’’ 
(56% dynamite) in its drying house 400 ft. away. The 


. ground where the building stood was excavated to a depth 
.of 6 ft. by the explosion, and building fragments with 


human flesh adhering were scattered over several acres. 
Windows fn Nanatmo, three miles distant, were shattered. 
No witnesses survive to give the cause of the explosition. 
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.AN BLECTRIC SUSPENSION RAILWAY 1s planned 
as a rapid transit line In the city of Berlin, Germany. 


As will be remembered. the new electric elevated and 


“subway line of Berlin crosses the city from west to east. 
“The completion of this line has made the lack of north- 


south transportation facilities strongly evident. As early 


.as five years ago the city of Berlin had in contemplation 


a.subway line which was to cross the city from north to 
south, intersecting the east-west rapid transit line at the 
Potsdamer Bahnhof. This line will probably be built within 
a few years as a municipal enterprise. However, on ac- 
count of the great width of the city from east to west, 
thefe will be an urgent necessity for another north-south 
line even when this subway route fs completed. To meet 
this want a suspended railway of the Langen type has 


, been, projected by the ‘‘Kontinentale Gesellschaft fiir elek- 


trische Unternehmungen,”’ of Nfirnberg, Germany. This 
line has been located to run from the Bahnhof Gesund- 
brunnen of the northerly belt Iine southward to a ter- 
minus’ at the Hermannstrasse station of the south helt. 
The line Is to be laid out with maximum grades of 2%%, 


_ and with minimum radius in curves of 160 ft. All-motor- 
_ car trains with multiple-unit control are to be run at 


maximum speeds of 30 miles per hour. The ends of the 
line will have loops instead of tail switehes. The cost of 
the line is estimated at $400,000 to $500,000 per mile, 
while the city’s subway line will cost nearly $1,500,000 
per mile, 


A BLACK WALNUT BRIDGE spanning Pine Creek, 
near Covington, Ind., has existed there so long that the 
date of its building has been forgotten. It is about 175 ft. 
long and housed over. The black walnut ‘in {ft is sald 
to be worth at least $12,000, the timber being in perfect 
condition. 


AN EXPLOSION IN THE 8-INCH GUN TURRET of 
the U. S. battleship “Massachusetts” on Jan. 16 caused 
the death of seven men. Full details are not yet at hand, 
but it appears that a powder charge for the 8-in. gun was 
accidentally set off by a percussion primer while the 
breech of the gun was open. 


THE 16-INCH RIFLE which has during the past few 
years been under construction at the U. S. Arsenal, at 
Watervliet, N. Y., was tested on Jan. 17, at Sandy Hook. 
N. J. Three shots were fired from the gun, the second 
and third with full service charges of 660 Ibs. of smoke- 
less powder. The tests were carried out without accident 
or any damage to the breech mechantsm. The effect, if 
any, upon the chamber and the bore will be determined 
later by accurate measurements. With the charge above 
noted, and a cast-iron solid shot of 2,400 Ibs. weight, a 
muzzle velocity of about 2,300 ft. per second was ob- 
tained. The maximum range of the gun in supposed to 
be nearly 21 miles, but the effective range is only about 
seven miles. The gun is 49 ft. long, 6 ft. in diameter at 
the breech, and weighs about 130 tons, against 50 tons 
for the 12-in. rifle. 


EXTRAORDINARY MARKSMANSHIP was shown in 
heavy gun practice near San Francisco. A 12-in. gun was 
fired at a moving target three miles away. The first shot 
struck about 25 ft. astern, the second shot hit the target, 
which was a wooden pyramid with a 12-ft. base and & ft. 
high, moving 7 miles per hour. 


* 


THE TWO NEW ATLANTIC GREYHOUNDS for the 
Cunard line, according to latest cable dispatches, are to 
be required to be capable of a speed of 26 knots for a six- 
hours’ run and 25 knots for two days’ continuous steam- 
ing. They are to have triple screws and the hulls will 
be’ 760 ft. over all, with 77 ft. beam. The cost of each 
is set at $6,250,000. it is expected that these vessels 
will bs able to make the run from Sandy Hook to Queens- 
town in 4 days and 14 hours. 


> 


SHIP BUILDING FOR THB CALENDAR YEAR of 
1902 is given in the following table taken from the Re- 
port of Commissioner of Navigation Chamberlin: 


——Saill——, --—Steam—, 

Tons, Tons, 

No. gross. No. gross. 
Atlantic and Gulf........ 514 271 16,382 
187 tebe 
6) 27,078 98 10,884 
Western Rivers ......... 1 11 120 5,039 
~ 597 «86,390 540 34,879 

Steel. 

Atlantic and Gulf....... 9 13,846 62 128,571 
Western Rivers ......... tyke 7 2,905 
—Total——,, 

No. Gross. 


A NEW LOCOMOTIVE CAB SIGNAL SYSTEM for 
keeping trains spaced a safe distance apart has been 
tested on one of the State Railways of Germany and is 
described in a report by U. 8. Consul Frank H. Mason, 
of Berlin. A special third rail is laid between the track 
rails to carry the signal current and the locomotives are 
in continuous electrical contact with it. Through this 
rail signals are automatically given in the cab of ap- 
proaching trains and of block signals at danger. The 
apparatus is the invention of Messrs. Hubert Pfirmann 
and Max Wendorf. 


A GOOD ROADS CONFERENCE Is to be held at Detroit, 
Mich., Feb. 13 and 14, to discuss the Brownlow bill now 
before Congress, which appropriates $20,000,000 for na-° 
tional aid to good roads construction. The conference is 
to be held in connection with the annual meeting of the 
American Road Makers, of which Senator Horatio S. 
Earle, of Detroit, is President. 


a 
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A LARGE ARMOR-PLATE PRESS is about to be in- 
stalled at Homestead, Pa. It will press into shape the 
heaviest plates specified by the Navy Department. 


- - — 
4 
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PEBBLE FACED BRIDGE IN THE NATIONAL PARK, 
WASHINGTON, D. C. 


By W. J. Douglas.* 


Work was begun on July 2, 1901, by the Cran- 
ford Paving Co., of Washington, D. C., upon a 
conerete bridge across Broad Branch on the line 
of Beach Drive in the National Park at Washing- 
ton, D. C. It was completed Dec. 1, 1901, and 
cost $4,159.17. The bridge was designed under 
the @irection of Capt. Lansing H. Beach, En- 
gineer Commissioner, District of Columbia, and 
Capt. H. C. Newcomer, U. 8S. A., assisted by Mr. 
Gienn Brown, Architect. The outlines, which are 
thought to be particularly effective, were sub- 


Grade of Roadway 


a 
Cos 


Elevation. 


in 12 hrs. would prove unsuccessful on account 
of the stones falling out, due to the weakness of 
the mortar. The 24-hr. test was found practicable 
and much better than the 36-hr. test, in which 
the mortar developed a hardness so great as to 
prevent the wire brushing of the mortar to the 
depth specified with a reasonable amount of labor. 

On the basis of this experiment the forms were 
so constructed that they could be removed in part 
after a day’s work had been built. After making 
these tests it was decided by the contractors to 
design the forms so that the lagging could be 
removed at any time. Fig. 2, from a photograph, 
shows the lagging in place for the parapet. Holes 
were bored into this lagging when in place at the 


Orain Pipe 


al 


— “Center Line 


Half Section 
through Crown. 


proper distances to insert the 
cobble stones as required in 
the specifications. The forms 
were constructed as follows: 


ke 


Quarter Pian. 


Five 6-in. x 6-in. uprights 
were placed at equal distances 
and in line along the face. 
Those marked B, C and D on 
ase ~-- Fig. 2, were bolted to the cen- 
tering. Uprights A and E, not 


FIG. 1. GENERAL DETAILS OF PEBBLE-FACED CONCRETE ‘Shown on the photograph, were 


BRIDGE, NATIONAL PARK, WASHINGTON, D. C. 


sunk into the ground, then 


Capt. Lansing H. Beach, Engineer-Commissioner, District of two 3-in. x 6-in. plates a 
Columbia; W. J. Douglas, Engineer of Bridges; Mr. Glenn placed between the adjacen 


Brown, Architect. 


mitted by Mr. Brown with the suggestion that 
the facing be made according to the following 
specifications: 

FACING.—The concrete, which will be on the exterior 
faces of the bridge and the parapet walls for a thickness 
of 18 tns., will be made of gravel and rounded stone vary- 
ing in the concrete below the belting course between 114 
and 2 ins. in their smallest diameters. This grave! will 
be mixed in the concrete as aggregate instead of broken 
stone. The mixture will consist of one part Portland 
cement, two parts sand, and five parts of aggregate. The 
parapet walls will be made in a similar manner, with the 
aggregate composed of gravel not exceeding 1 in. in its 
smallest diameter. When the forms are removed the ce- 
ment and sand must be brushed from around the face of 
the gravel with steel brushes, leaving approximately half 
of the gravel exposed. 

The line of the roadway, as indicated in the drawings, 
will be marked by a belting course of rock-faced, roughly- 
squared stones, or large cobble stones from 6 to 8 Ins. in 
size, and a row of rounded cobbles will be. inserted below 
the top of the parapet walls, both on the outside and the 
inside, as shown on the drawings, composed of stone be- 
tween 3 and 4 ins. in their smallest diameter. 

The soffit of the arch shall have a mortar face of at 
least %-in. thickness, composed of one part cement and 
two parts sand. This facing must be built up at the 
same time as the concrete. 

The bridge was built according to the outlines 
of Fig. 1 and with the facing suggested, old 
granite block being used for the belting course 
referred to In sald specifications. The foundations 
of the bridge were carried to-an average depth 
of 12 ft., the cost of which added very much to 
the total cost of the bridge. 

Prior to the construction of the bridge a test 
Was made by the contractors in order to deter- 
mine the feasibility of wire brushing the mortar 
to half the depth of the gravel and to determine 
the proper length of time to keep the forms in 
place in order to have the best results. Three 
test blocks of pebble concrete, as specified above, 
were made in wooden boxes about 1 ft. x 1 ft. x 
2 ft.. the sheeting of each box being removed in 
12, 24 and 36 hours respectively. The first test 
indicated that an attempt to wire brush the face 


*Engineer of Bridges, Office of Engineer Commissioner, 
Washington, D. C. 


uprights at the elevations de- 

sired and at a distance apart 
which it was thought would be sufficient for one 
day’s work. The sills marked X-X and Y-Y, are 
shown in Fig. 2 in position for building the 
parapet. Between these 3-in. x 6-in. plates 
studs were placed about 2 ft. ¢. to c. as in- 
dicated. The sills and studs were held in 
place by means of daps and wooden blocks, light 
toenails being used occasionally. The lagging was 
now placed, very lightly toenailed, and the forms 
were ready for the concrete. The concrete was 
allowed to set over night, the forms being re- 
moved each morning about noon, so that the 
concrete was allowed to set about 18 hrs. before 
applying the wire brushes. In order to remove 
the forms the bolts on the three center uprights 
were first loosened, which permitted the lagging 
to ease away from the concrete. This easing of 
the lagging from the concrete was attained at the 
end uprights by having the sills fastened to the 
uprights by means of blocks bevelled so as to 
act somewhat like a hinge, then the toenails 
were pulled out with claw hammers and the 
sills, studding, and lagging easily removed and 
ready for re-erection at another point. The wire 
brushing was done at a cost of about 6 cts. 
per sq. yd. 


Before selecting the designs submitted by Mr. 
Brown, several designs were drawn by this office 
in order to determine which one was the best 
adapted to the surroundings. Photographs were 
taken of the site, and elevations of the several 
types of bridges were drawn to the scale of the 
photographs, and pasted upon the same with very 
satisfactory results. 

The bridge as completed is shown by Fig. 3 and 
has been favorably criticised by the public 
with the exception of the small cobbles placed 
near the top of the bridge. These cobbles are 
about 8 or 4 ins. in diameter and project 2 or 3 
ins. beyond the neat line face. It was the in- 
tention of the architect to have these cobble 


- project not more-than 1 In. Several of them 


have already been dislodged by boys, and it is 
thouhgt it is only a question of time before all 
of them will be removed In a gimilar manner. 


The pebble-dash effect, while comporting ; 
the general style of the bridge, is hardly th 
a proper finish for a bridge with the rustic . 
tions existing in the National Park. The 
tect, Mr. Brown, suggested before the fina! - 
were drawn that in order to obtain the : 
park effect vines should be made to grow . 
at least part of the facing. It is thouch: - 
when this is done and natural boulders sc.:: 
upon the slopes the bridge will be very my 
narmony with the surrounding conditions. 
use of mortar facing, pebble-dash and =, 
dressed stonework are not considered by Mr. | 
ards, the Assistant Engineer in charge 0? 
Rock Creek Park, to be in conformity wit) 
existing rugged conditions in the Park. 
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THE MANUPACTURE AND PROPERTIES OP ARTIFIC)\) 
SANDSTONE,* 


By Samuel V. Peppel.+ 
GENERAL DEFINITION. 

Sand brick, or the “‘kalksandstein” of the Germa: 
a mass of sand particles bound together by either ca ium 
carbonate or calctum hydro-silicate, or a mixture of bo'h 
Sand brick, with calcium carbonate as the cementing ma 
terial, or ‘filler’ of the spaces between the Particles of 
sand, have been manufactured for 50 years or more. Sand 
brick with calcium silicate as the cementing, bonding ana 
filling material, does not date back more than 10 or %% 
years. In the latter case, there is a chemical combina- 
tion or reaction between the two constituents forming the 
brick, which binds the two together In a manner akin to 
vitrification. The resultant product is similar in many 
respects to dry press brick, in that vitrification does not 
penetrate to the core of each particle. In the former this 
fs not the case. For either product the necessary raw 
materials are the same—sand or a granular silicate and 
lime (either a high calcium lime or a dolomite lime). The 
method of treatment during the process of manufacture 
differentiates them into three distinct products, al! of 
which go indiscriminately under the same name. 

SAND BRICK WITH EXCLUSIVELY CARBONATE 

FILLER: 

It is obvious that the stone which has carbonate of cal- 
cium as a filler or binding material cannot have the same 
strength as the one in which there is a chemical union of 
the sand and the calcium or magnesium compound, as the 
case may be. However, the former can be manufactured 
at a less cost and probably fills certain requirements in 
building construction. Therefore, we will give it brief 
consideration. 

From 20 to 40% of completely slaked lime is thoroughly 
mixed with sand and sufficient water to make molding 


Fig. 2. View Showing Forms in Position for Build- 
ing Parapet Walls. 


possible at moderate pressures. The hardening proves* 
is carried out in one of three ways: 

(1) The brick are exposed to the action of the atmos 
phere for a long time, the caustic lime thus slowly acquit 
ing the needed carbon dioxide (CaO + CO, = CaCO). The 
necessity for complete slaking is evident, since any un- 
slaked lime would slake in the air and rupture the brick 
The time required before they can be used is five or *'* 
months, and they attain their maximum strength in about 
1% years. The hardening here is similar to that 
mortar, and like mortar is only superficial. The best lime 
for this purpose would naturally be a hydraulic lime 


*Abstracted from the “Transactions of the America 
Ceramic Society,’ '1902. Edward Orton, Jr., Columb. 


°Fchemist, Geological Survey, Columbus, 
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i has said that only 30% of the lime in very old mor- 
nen he : been converted into the carbonate. 

H “jening in an atmosphere, rich in (CO,) carbon 
(2 } ink 


shout pressure. This gives the same results 


dioxide act process, in less time. 

as - ning with (CO,.) carbon dioxide under pressure. 
ae od by some that this means gives a product 

it ch nearly, of not all the calcium hydroxide Ca (OH): 

in wi 


i into carbonate. However, I do not believe 
= been satisfactorily proven. 
SAND PRICK WITH PARTLY CARBONATE AND 

j PARTLY SILICATE FILLER. 
In this process the treatment up to the hardening pro- 
: entially the same as just described, but the har- 
sected in a warm, moist atmosphere, saturated 


denne 'rrom the lime kilns, and the heat of slaking 
— . seed to aid in keeping the temperature up to 60 or 
ae , combination of the methods for Class 2 and 3, 
ea, for the introduction of CO, into the kettles or 
von cylinders used for hardening in Class 3. 
under -oe conditions first cited, the product has a bind- 


ing material for the most part CaCOs, but some hydrated 
3 i ‘licate is probably formed, thus strengthening the 
'n the latter, the binding material in mainly the 
calcium hydrosilicate, and the amount of calcium carbo- 
nate much less than the former. 
[am inclined to the belief that here also the superficial 
hardening prevents anything like a nearly complete 
change of the Ca(OH), in the center of the stone. This, 


rialiy the interstitial space, and yet leave sufficient space 
for a binding agent. 

The finer the material, as a whole, the more difficult will 
it be so to mix it as to get a coating or film over each par- 
ticle of sand, On the other hand, the union will be more 
complete, and the product more pleasing to the eye. 

Experiments carried out by Prof. M. Gasenopp, in the 
chemical technical laboratory of the Polytechnic Institute 
at Riga, the results of which were published in the ‘‘Thon 
Industrie Zeitung” for October, 1900, Vol. 24, p. 1703 and 
Vol. 25, p. 762, clearly show the necessity of using fine 
sand for rapid and economic production. The first set of 
results were obtained with fat lime as the active agent, and 
the second with dolomite lime. In both cases a very pure 
sharp coarse sand 0.6 to 1.0 mm. in diameter was used, and 
a fine sand, 0.2 to 0.3 mm. in diameter. The fine sand 
was somewhat rounded and contained a considerable quan- 
tity of soluble silicic acid, therefore it was treated with 
HCl, and caustic soda solution, and washed before using in 
the experiments. Each size of sand was treated with 10% 
and 20% of lime respectively, and with 10% and 20% of 
dolomite lime. High pressure steam was used. Both sets 
were run for eight hours, one at five atmospheres pressure, 
the other at ten atmospheres. 


The tables of analyses of the resultant products given 
below speak for themselves. The soluble silicic acid is an 
index to the extent of the reactions. The methods of an- 
alysis are not given. The samples were exposed to the air 
for two to five weeks, which probably accounts for most 


FIG. 3. GENERAL VIEW OF BRIDGE. 


of course, would be no detriment to this product, or the 
preceding one, except to give a weaker brick, provided only 
that the surface had reached sufficient hardness and 
density to prevent all access of water or gases. If this 
is not obtainable, we should expect efflorescence as a re- 
sult of the solubility of the calcium hydrate. 

SAND BRICK WITH HYDROSILICATE FILLER. 

This brings us to the thirl class, the only one which I 
think will ever take any important place in the world’s 
markets. Therefore, we will go into the essential facts 
more closely. 

THE SAND.—The same raw materials are used as in 
Class 1 and 2, viz., sand and lime. Considering the sand 
first, the following facts have been collected. 

(1) Almost any sand can be used, and a fair product 
produced, if the treatment is properly varied to suit the 
physical and chemical properties of the sand. Economy 
in manufacture, however, limits both physical and chem- 
ical properties. 

(2) A comparatively pure sand is essential to cheap 
manufacture—nor should the sand be too coarse. It is 
probable that for the best results most of it should pass 
through a screen, 20 meshes to the inch, unless there is a 
good gradation from extremely fine to coarse sizes, in 
which case perhaps coarser sand could be worked in to 
advantage, The product would not be as smooth and 
pleasing to the eye as one made from finer sand. The ob- 
ject is to obtain a sand which will contain sufficient very 
fine particles to combine with the lime, and which when 
pressed will leave the smallest possible interstitial spaces, 
thus reducing the amount of lime necessary for welding 
these particles together. Work done in connection with 
the cement industry has shown that practically none of 
the sand coarser than 100 mesh, and only a part of that 
of 10 mesh, enters into the active cement reaction. 

As an illustration, suppose we had one sand all of the 
size of walnuts, and another all of the size of wheat. 
Enough of the smaller could be mixed in to reduce mate- 


of the COs, since the Ca(OH), was not all converted into 
the silicate. (See Tables I. and II.) 

Considering the above tables, we see that the coarse and 
fine sand was very differently affected under the same 
conditions, as follows: 


Percentage of soluble silica found 
by analysis of product. 
Fressure - 
Caustic of Caustic Using Using 
filler used. steam. filler used. coarse sand. fine sand. 
j 5 atmos. {pure lime. 0.43 3.06 


10% Dolomite. 0.75 1.98 
Pure lime. 3.33 7. 

Dolomite. 3.14 6.29 

_* Pure lime. 0.59 3.41 

20% Dolomite. 0.65 eves 

a Pure lime. 2.75 11.14 

l i Dolomite. 1.69 7.03 


In every case the reaction is much more complete with 
the fine sand. This shows clearliy the necessity for some 
fine quartz. The reaction has gone a great deal farther 
with the fine than the course, although the fine sand was 
not in as favorable physical shape for chemical union as 
the coarse. If soluble silicic acid were naturally in the 
sand, it might take the place of fine sand. In each case, 
the lime was not all combined with SiQ:, that is the re- 
action was incomplete, as is shown by the presence of un- 
combined Ca(OH)s. After taking from the chemically 
combined water that which would go with the Ca(OH)s, the 
balance of the water gives some striking molecular ratios 
to the soluble silicic acid. Thus from Table I. we have, 

From Table II. we have, 

OF 144 74 OS 200 

The ratios 6.5, 7.4, 9.55 and 14.4 seem a little unusual to 
me. It is notable, however, that with one exception, the 
high ratios are with the MgO. These results also show 
clearly that high-pressureis essential to anything like rapid 
working. Professor Michaelis is quoted as saying the high- 


. 1,000 brick produced. 


er the pressure, the higher the soluble silicic acid, and the 
solider and denser the resultant brick. 

Professor Michaelis has give 
the sand primary importance, 
secondary place. 


n the physical properties of 

and chemical properties a 
He also says that two-thirds coarse and 
one-third fine sand give a denser and firmer brick than 
where the sand is all of one size; 70% coarse sand, 30% 
fine sand, with 5% added lime gives a good product, having 
7 to 8% porosity. He has also shown that good brick can 
be made with sand carrying as much as 40% clay, if suffi- 
cient lime is used. 

Judging from his figures, I should say for each part of 
clay present a little less than one part of lime must be 
added in excess of that which would be needed for the sand 
itself. While 2 to 3% of lime is probably all that is neces- 
sary to effect a satisfactory bond, in practice more is used, 
in order to hold the sand together and to facilitate pressing 
into a form which can be handled. 

In conversation with Mr. H. E 


Brown, of Coldwater, 
Mich., recently, he said 2!4% 


of kaolin added to a mixture 
of dolomite lime and sand had given him tensile strength 
higher, if anything, than briquettes made from same ma 
terial without the kaolin On the contrary, it is claimed 
by others that the clay has a tendency to reduce the hard- 
hess, and make the brick more susceptible to weathering 
action. 

From theoretical considerations we might say the 
ence of silicates in any large quantity would act 
tant or inert material with 
Kaolin (Al,03, 2 


- 


pres- 
as a dilu 
perhaps a few exceptions, 
2 may be converted into anor 
thite (CaO, Al,Os, 2 SiO.). But we do not know this to be 
the case. Also anorthite, if present in the sand might 
take on four molecules more of SiO, and five milecules of 
H,O as water of hydration and form heulanite (5 H,O, CaO, 
Al,O3, 6 SiO2), and the acid orthosilicates represented by 
phenite (H.O, 2 CaO, Al,O3, 3 SiO.) might take on a mole 
cule of CaO and give up a molecule of HO, 

It is hardly likely that the normal silicates would be 
come more basic in the presence of large quantities of 
available silicic acid. It is not likely that the metasili- 
cates, represented by the simplest silicates of calcium and 
magnesium, enstatite (MgO, SiO.) and wollastonite (Cad, 
SiO,), can do more than promote crystallization of the eal 
clum or magnesium silicate formed, by their mere 
in crystal form. 


The silicates containing the alkalies 


presence 


, potassium and so 
dium, are probably barred on account of yielding soluble 


salts. From silicates of the 


heavy metals, the oxides 
would be thrown out. 


At any rate, they are too valuable 
for other purposes to be considered here. 

Since under the working conditions, the very resistant 
quartz is brought into the reaction, the greater part of the 
complex silicates are very likely to be broken up into more 
simple forms, in most cases at least 


yielding inert com- 
pounds in part. 


At any rate it it evident that when silicates are present 
in any quantity, more lime will be required, and while it 
might be possible to make a good brick from a silicate 
sand, it would not be a good business proposition. 

As an instance of the weakening action of inert mate- 
rials, we might cite the slightly lower crushing strengths 
as shown in a table given later (Table IV.). Mr. H. E. 
Brown also confirmed this observation, finding the ten- 
sile strengths less on colored brick than on the same brick 
without the coloring matter, when treated in exactly the 
same manner. 

Hence it follows that the sand should be comparatively 
pure, made up of medium coarse with some 


very fine 
grains. 


Sharp sand is preferable so as to present thin 
sharp corners to promote chemical combination. The sharp 
sand will also resist change of position or fiow of colid 
particles better than rounded grains. If the sand avail- 
able contained any large amount of clay it would probably 
be economy to roughly wash it. And if it did not contain 
sufficient very fine particles, a portion would have to be 


ground. This would increase the cost about 5 to 7 cts. per 


THE LIME.—The prime requirement is proper burning. 
Since dead burning of limestone or dolomite tends to pro- 
4uce a crystalline oxide, which slakes or hydates with ex- 
treme slowness, a portion might remain unslaked and un- 
combined, and make trouble by future slaking, and possi- 
ble change of volume and possibly efflorescence. It would 
hardly rupture the brick since the crystalline oxide is said 
to hydrate without much change in volume. 

Economy, however, indicates the use of the purer limes 
(lime, dolomitic. lime or dolomite lime). The impurity is 
usually clay or sand, and at the temperature at which 
times are burned, the SiO, will be combined with the lime, 
and the Al,O3 remain as such, both acting as inert bodies 
so far as sand brick are concerned. 

German practice up to the present time seems to be to 
use only the fat limes. Ernest Stéffler, an engineer of 
Ziirich, Switzerland, who has published a pampblet on this 
industry, says fat limes are the best. Professor Glase- 
rapps’ work, early in 1901, has shown that essentially 
the same results obtain when working with dolomite lime 
as with the fat limes (Table 1.). I see no reason why 
dolomite lime should not be a desirable material, except 
that it will require more care and time to slake it properly. 
We would have the increased fluxing action due to two 
bases instead of one. Even if the over-burning, which 
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TABLE I.-Showing Analyses of Briquettes in Which Pure Lime was Used; Analyzed after 
Fight Hours’ Exposure in Steam Cylinder. 


Steam 
pressure Ca(OH), AloOs Chemically Solu- 
No Mixture in atmos Total from ‘ combined ble 
pheres. CaO. total. FeO, CO, water SiO. Sand. Total. 
it) parts lime ...... 4 
2. Same as No. 1...... 9.38 124 042 2.54 206 3.33 S240 100.65 
3. SO parts coarse sand. } 16.690 7.16 177 2.78 O50 T4.67 
4) parts lime ....... 4 
4. Same as No. 3... 16.590 6.05 O29 2.7% T7285 100.10 
5. parts fine sand... / 8.74 O83 O31 3.75 1.79 3.405 
parts lime .......4 
Same as No. 5....... 10.10 O58 2.238 2.55 O40 
7. parts fine sand...) 15.81 (5.21 3.90 3.41 70.68 
parts lime .......) 
8. Same as No. 7....... 1” 17.65 O98 O65 3.13 3.59 11.14 63.05 90.42 


the MgO is bound to suffer before the CaO can be properly 
burned in a dolomite, should cause it to slake so slowly as 
to go through the process unchanged, it does not offer the 
same disadvantages that unslaked CaO would, since the 
oxide requires 1,000 times its weight of water for solution, 
and the bydrate is practically insoluble. lliowever, the un- 
laked MgQ would probably slake when exposed to the 
hot steam, and in that event might expand and rupture 
the brick in the hardening cylinder, 

The doiomite lime may, however, give a brick which will 
be slightly lower in fire resisting quality than one made 
from fat limes, especially if the amount of lime used is 
high If this should be the case, it would not be due to 
the lower melting point of MgSiOs, but to the greater 
activity of two bases acting in unison on an acid. 

PROCESSES OF MANUFACTURE PRIOR TO 
HARDENING. 

Present practice adopts one of four methods prior to har- 
dening: (1) The wet slaking process; (2) the dry slaking 
process; (3) the acid slaking process; (4) the quick lime 
or oxide process. 

WET SLAKING PROCESS.—This process consists in 
slaking the lime to a fat putty, either by hand or by me- 
chanical aids, and then mixing in the desired proportion 
of sand and water, either in a wet pan or a large, slow- 
moving pug mill. From here it is carried to bins over 
the press, allowed to stand a short time to ripen and then 
pressed. 

With properly burned fat limes, the proper amount of 
water and sufficient agitation, this is accomplished very 
quickly and thoroughly. The heat given up by the union 
of CaO and H.O is sufficient to generate steam in the 
minute pores of the amorphous oxide, and thus break it 
up into the smallest possible particle, constantly and 
rapidly exposing new and fresh surfaces to the hot water. 
CaO on bydration gives up 270 heat units. Under these 
conditions the CaO seems to form a hydrate, carrying more 
than one molecule of water, the excess being locked in so 
loosely that a little excess of heat, as would be the case 
with too little water, would prevent its formation, or break 
it up-if formed. Water acts as an equalizer; not enough 
allows it to get too hot, and to much cools it to low for 
the best results. 

Walters found that the best slaking of high calcium lime 
gave an increase of volume of 3%, air slaking 21s, and 
slaking with a large quantity of water l'/jo. This in- 
crease in volume gives it greater spreading or enveloping 
power. 

With the dolomites more time is required for proper 
slaking, for two reasons: The MgO is somewhat over- 
burned, and second, the heat units evolved by MgO on 
hydration is much less than that for the hydration of 
CaO. Both act in the direction of retardation. 

The process can be much improved and quickened by 
the use of hot water or the application of external heat. 

it is claimed by many that the magnesian limes never 
develop the same degree of plasticity as the fat limes, 
This may in part be due to the imperfect slaking. 

DRY SLAKING PROCESS.—This differs from the pre- 
ceding only in this, that the lime is slaked with just 
enough water so that the heat of the chemical reaction 
shall just dry the finished hydrate The hydration is in- 
complete in most cases. There are a number of patent 
machines for doing this, both in this country and in 
Europe Some are closed tight, and the slaking done 
under pressure with water alone, others are treated with 
both water and steam In anothér type, water is added 
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to the lime in a closed vessel, and heat applied externally 
by means of a steam jacket to the container. 

Such hydrates of this class as I have examined, have 
been found to be very imperfectly hydrated. However, 
none were examined when water was added and steam 
supplied to keep the mixture hot, or where external heat 
was used. 

Mr. H. E. Brown claims that dolomite lime hydrated 
under the conditions last mentioned in a steam jacketed 
machine, showed on chemical analysis complete hydration 
with a three-fold increase in volume,and yet a dry product. 

ACID SLAKING PROCESS.—Five to ten per cent. of a 
solution of commercial hydrochloric acid—19° B., is added 
to the lime after slaking has begun. This is the German 
patent of Peter Kleber. This acid is worth about 1 to 1% 
ets. per pound. In this process the preliminary treatment 
only carries the hydration to from one-third to one-fifth 
of completion. 

This, of course, gives a small amount of CaCl. The 
affinity of this compound for water is well known. It is 
also very activein attacking silicates,as is illustrated by its 
action in the nascent condition in the J. Lawrence Smith 
fusion for the determination of alkalies. 

The introduction of the acid must be objectionable at any 
rate, sirce if the CaCl, remains as such, it would be solu- 
ble later, and give trouble. If it is decomposed, and 
Ca SiO, formed, the acid liberated in the warm moist at- 
mosphere must certainly attack the metal cylinders unless 
it is glazed with a silicate of some sort or lead lined. 

CaCl, + Sid, + HzO = Ca SiO, + 2 HCI. 

It is claimed by Kleber, that the HCl accelerates the 
slaking and shortens the time needed in the hardening 
vessel. The introduction of CaCl, is not so satisfactory as 
the use of the acid. While there are a number of plants 
operating under this patent, I do not believe that much 
acid is now used. 

QUICK LIME PROCESS.—The quick lime or dry oxide 
of calcium is mixed with the sand, and just enough water 
to make it possible to work it in the press. The water is 
added in two portions, with a short interval of time be- 
tween additions. The product then goes to the press. 

This certainly is the most rational and rapid method, if 
as good a product can be produced as by other processes. 
Shis process probably requires a little more lime than the 
others in order to get the mixture in proper condition to 
mold. Where the cost of lime is very high, this would be 
an item. But much may be done to reduce this lime by 
mixing with it a portion of extremely fine ground sand. 

If lime hydrates with steam under pressure in a crystal- 
line form without change of volume, as Walter's experi- 
ment in hydrating lime in a glass tube with steam seems 
to show, the hydration during hardening would not in any 
way injure the brick. 

Statements made to me by Mr. Brown, however, indicate 
that for dolomite there is a large increase in volume. He 
used water and steam both. My own experience points to 
the fact that both CaO and MgO will expand when treated 
with steam. If such be the case the fourth method would 
not be feasible. 

It is also possible that the hydro-silicate of calcium may 
form direct from the CaO without change in volume. If 
this were the case, we should work with as little water as 
possible to get the denser brick. 

HARDENING PROCESSES. 

The hardening is accomplished in one of two ways, 
either by low-pressure steam and long exposures, or high- 
pressure steam and short exposures. In the first case, the 


Dolomite Lime was Used; Analyzed after Eight Hours’ 


Exposure in Steam Cylinder. 


Steam 
pressure Ca(OH). 
Mixture inatmos- Total from 
No phere. cao. total. 
1 parts coarse sand.... | 4.98 0.38 
1% parts dolomite ....... \ 
2 1 4.49 0.48 
3. S80 parts coarse sand..... 8.56 2.53 
20 parts dolomite.......\ 
4. Same as No. 3...... 9.97 1.92 
5. 90 parts fine sand .. 4.97 0.92 
10 parts dolomite ....... 4 
6. Same as No. 5........... 1 5.40 
7. parts fine sand.......1 10 9.23 0.79 


10 parts dolomite ...... 


AlyOs Chemically Solu- 
+ combined ble 
MgO. Fe;0s. COs. water. Si0.. Sand. Total. 
3.81 0.23 2.21 2.24 0.75 85.23 98.45 
3.45 0.96 2.05 2.138 3.14 83.61 99.83 
6.58 0.70 3.38 8.44 0.65 75.80 99.11 
7.57 095 3.19 4.39 1.69 72.62 100.18 
3.75 0.68 2.22 1.82 1.98 84.23 90.65 
4.07 0.95 1.92 1.88 6.29 79.28 99.79 
7.00 0.94 1.82 i 5.74 7.038 67.88 99.64 


pressure used is about two atmospheres, Biving a tey 
ture of 120 to 125° C., and the duration of the exr 


about 72 brs.; in tne second case, the steam pres : 
from eight to ten atmospheres, giving tem 
around 185° C., and the exposure lasts for a few 


only, 6 to S hrs. being sufficient in Most Cases 

The letters patent on this latter and most jn) 
procedure were taken out by Professor Micha: li px 
the eighties, and permitted by him to lapse with . 
mercial application. 

I have already mentioned a modification of the ha 
process in connection with a class No. 2, in whic? 
introduced either with the steam or after it 
method is used at all, it is usually when working wi 
pressure steam. 

According to Stéffler, the quantity of lime used 
the methods varies from 5 to 10%, and the Moistur 
that used in hydration, from 7 to 9%. The nature 
make-up of the sand, whether quartz or feldspar 
clayey, will determine the amount of both lime 
desirable. 

From the foregoing statements you can readily ; 
that it would be entirely feasible to take the sand fri 
bank and have a brick ready for market in less than 
of 24 hrs., or if you include the burning of the lim. 
entire proces from the raw limestone and sand to th. 6. 
ished product need not consume more than [5 

QUALITY OF THE PRODUCT. 

Concerning the quality of this new artificial stone 
question arises in the mind of each of us: “Is jt 
value to us?” ‘Will it fulfil our requirements for a safe 
and desirable building material?’ 1 think it will 
offer the following as evidence of its quality: 

The sample before you is one made in Germany, | 
Stahl und Eisen Actien-Gesellschatft, Hoerde, Germany 
from materials which you will see were not the most ' 


and w 


hrs 


of 


the 


desir 

able. An analysis by rapid methods gave: 


When 3 grms. were ground fine and treated with a large 
amount of water, only a trace of Ca was found in the 
water. 

The water absorbed on standing over night is 9% The 
question naturally is: ‘‘Will it stand weather?” The 
small piece was soaked in water, frozen and thawed three 
times. It was thawed out the last time on the laboratory 
hot plate at about 250° C. I could observe no evidence of 
damage by frost, except when it froze fast to a sandston: 
windowsill, and broke out a little when I wrenched it 
loose. After thawing out, and while still wet, I set it up 
and turned a blast lamp directly onto one small piece of it 
and brought it up rapidly to a bright red heat, and held 
it for 15 mins., then plunged it into cold water. This 
last procedure destroyed the bond, as you can see by 
rubbing the brown spot on the brick. A block sawed from 
this brick and crushed, showed a crushing strength of 
4,210 Ibs. per sq. in. 

Further in a paper given by Herr G. Beil, of Ascher- 
sleben, at a meeting of the Kalksandstein Society in Her 
‘in, March, 1901, the following results are given as coming 
from The Kéenigl, Mechan-technichen Versuchsanstalt, at 
Charlottenburg, Germany. 

Seventy bricks, representing seven different products 
were soaked in water at 12 to 15° C., frozen for 4 hrs., then 
placed in warm water 3 hrs. All were pronounced sound 
at the end. Also the following list of tabulated result 
(Table III.), pubiished in Vol. XXV., Thon-Ind. Zeit., pp 
TABLE III.—Showing Results of Absorption and Crushing 


Tests of Kalksandenstein Bricks made at Charlotien 
burg, Germany. 


Absorption, 
water by 
dried sample, Crushing strength, 
after -——in lbs. per sq. in. 
No. 125 hrs. soak, Water 
of Harden- in dry soaked Dry After 
test. ing. weights, %. brick. brick. freezing 
124 1,905 1,704 2,220 

2. | High 14.0 2,073 2,215 2,300 
3. | pressure. | 9.0 3,983 4,189 4,260 
4. | | 10.6 1,846 1,782 2,187 
5. 3,710 3,238 
6. Low 850 1,385 


6a. } pressure. rev 
| | 18.3 1335 1193 

This shows that the crushing strength is not, in most 
cases, very materially decreased by freezing. Crushing 
wet also produces a slight decrease. 

In the Thon-Ind. Zeit. Vol. XXV., pp. 1660, the following 
tabulated results (Table IV.) are to be found: 
TABLE IV.—Showing Crushing Strength of Kallmandste'! 

Brick, Tested at Gothenburg, Sweden. 
Yellow- 
Sm'th, brown Sm'th, 


Dry .....{ Min.. 12.21 7.53 15.19 12. 
Mean. 15.48 11.08 22.86 
Crushing {Max.. 15.90 14.48 
strength. | Wet ..... Min.. 10.37 6.36 


we 
of 
ne 
ta 
gir 
Fr 
gray- to gray- brow 
white. red. white. 
Max.. 17.382 14.63 27.41 21.5% 
|Mean. 13.21 9.80 
Frozen | Max.. 14.91 .. 
reptedly; Min.. 7.24 .. 
| Mean. 11.93 10.08 .. 
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I do not know the process of manufacture. 
rhis again shows a slight decrease in crushing strength 
after repeated freezing. 
Mr own has obtained tensile strength as high as 650 


. ‘ives as an approximate average for 10% of the 
4“) to 425 Ibs. He thinks the maximum tensile 
i obtained with very fine sand and about 15 to 
” the hydrate dolomite lime equivalent to 9 to 13% 

xides. 
ne ins. made by Mr. Brown from finely 

and and dolomite lime, gave a crushing strength 
of 5.4} lbs. to the sq. in. when crushed in the mechanical 
, ries at Ohio State University. 

following (Table V.) is a copy of tests made on 
br »nufactured by H. Huennekes: 
rapLe V.—Showing Tests of Lime-Sand Building Brick 

io by the Pittsburg Testing Laboratory, Oct. 17, 

1901. 
Crushing 


hing Absorption Absorption atrenaee. per 


ogth, per test, 45hrs. after freezing ys 
q. in. in water. test. after freezing 
VIS Ibs. 11.6% gain. 12.4% gain. 4,137 Ibs.* 
4,162 ** 8.8% 5,202 
*Rricks did not crush at this load, but showed only 
slight ¢ racks at an actual load of 105,000 Ibs., the limit of 


the mac nine. 

Half bricks were used in absorption tests; these bricks 
were dried thoroughly before immersing in water. After 
remaining in water 45 hrs., bricks were frozen 4 hrs. at a 
temperature of 14° F., and then thawed in warm water 
"2 hrs., frozen again at a temperature of 9° F., for a 
period of 344 hrs., thawed in hot water 3 hrs., frozen at a 
temperature of 12° F. for 3% hrs., and finally thawed in 
hot water for 12 hrs. Final absorption tests made and 
then bricks were again thoroughly dried. The bricks 
showed no signs of cracking or disintegration. 

From the foregoing, it is evident that any if the high- 
pressure steam process stones have strength to meet all 
requirements for building purposes. In Germany a great 
many of the fire inspectors have pronounced them a safe 
material from their standpoint, and a good many sand- 
brick have gone into municipal and government buildings 
over there. The railroads are using them also. 

1] have taken the following from Thon-Ind. Zeit. Vol. 
xxy., 1822: ‘‘A small oven was built of brick made by 
high-pressure steam hardening by Guthemann, of Nieder- 
lehme, some whole and some bats. It was fired by wood 
up to a temperature of 1,100° C., measured both by Seger 
cones and by electric pyrometer. The stones were not in- 
jured in any way by this process, and further showed that 
they were excellent non-conductors of heat. Later, by 
means of a blast, the furnace was brought to a glowing 
heat and the hose turned directly on to the hottest part 
with a full stream. This cracked off a few corners. When 
thoroughly cooled it was found that the bond had been de- 
stroyed for a depth of 3 cm. (%-in.), so that part could be 
scraped off with a kmife.’’ 

Mr. G. Beil, Thon-Ind. Zeit, Vol. xxv., pp. 577, cites the 
following good qualities: (1) Great hardness; (2 and 3) 
Reguarity of form which permits of more rapid and con- 
sequently cheaper building; (4) The beauty of the struc- 
ture; (5) Outside dressing or painting unnecessary; (6) 
Inside plastering unnecessary in many cases; (7) No in- 
sulation necessary; (8) It is cheaper than cut stone or 
terra-cotta; (9) Cheaper than brick. The costs in Berlin 
are: 10 to 20 marks per 1,000 for sand-lime brick, 17 to 
*) marks per 1,000 for face brick. Of course (8) and (9) 
represent German conditions, not American ones. 

MECHANICAL EQUIPMENT FOR MANUFACTURE, 
As has been intimated in previous statements, the ma- 
chinery in a general way consists of apparatus for either 
wet or dry slaking, conveying machinery, mixing ma- 
chines, presses, trucks, hardening boilers, and machinery 
for generating power. 

There are a large number of patented machines for the 
dry slaking of lime, both in this country and in Europe. 
| know of but one, however, for wet slaking. In this lat- 
ter process, the lime is slaked with sufficient water to 
make a good putty, and after maturing in this condition, 
it is dried by artificial heat and ground. 

Since in the various patented processes for making sand 
brick, the only claim which, in most cases, could be con- 
tested, is that for some special machine or method of 
slaking lime to a dry powder. I will briefly mention a few 
of them: 

Olschewsky, in one of his German patents, uses a cyl- 
inder capable of resisting strong pressure, so mounted that 
it can be rotated, and receive a supply of water at the 
same time. The cylinder is filled one-half full of Cao, 
and sealed up. Rotation and the introduction of water be- 
gins; rotates 4 to 1 hr., and allows to stand 2 or 3 hrs.; 

“0 to 35 parts of water are used to 100 parts of lime. 
From what I have seen in this country, I feel safe in say- 
ing such a machine will give imperfect hydration. 

Another of Olschewsky’s patents, German No. 82,785, 
consists in the building of a tight metal box in the bottom 
of the trucks for carrying the brick in the hardening 
chamber. This is provided with a stirrer, a shaft with 
peddles. Water and steam are introduced. The heat 
generated serves to dry the green brick. This wagon then 
is run into the hardening chamber, and you always have 
one day’s supply of slaked lime ahead. The German pat- 


ent, No. 82,785, was recently annulled. This device or 
procedure is patented in England, 1900, No. 1,705, and in 
the United States, December. 1900, No. 663,459. There are 
several other American patents using various forms of agi- 
tators. 

Another we might mention is that of A. G. Schwarz, of 
Ziirich, Switzerland, in which the machine is heated by 
steam pipes and the hydrate is dried by producing a vacu- 
um, as all excess.of water is pumped out as vapor. 

Mr. H. E. Brown holds patents which claim for dolomite 
lime everything which is claimed by the Germans for lime. 

It is apparent that the best conveying machines will be 
those which will move the material with as little friction 
between the conveyor and sand as possible, on account of 
the latter’s strong abrasive properties. Broad continuous 
belts, where feasible, or heavy chain bucket conveyors are 
perhaps best adapted to this purpose, where dump cars 
are not desirable. If screws or auger machines are used 
for conveying or mixing, they should be of iarge diameter 
and capacity, and geared to move slowly 

Edge runners are much used in mixing and grinding. 

The trucks are usually built low and made to carry from 
1,000 to 1,400 of brick of American size, or fewer of 
German size. They usually carry 13 to 16 courses. 

The hardening boilers are made of iron or steel, and 
constructed to stand for high pressure—150 to 200 Ibs. 
pressure to the square inch. They should always be 
bricked in to prevent radiation and excessive condensation 
of steam. They usually have one head movable and bolted 
on. This head is handled by a small crane. 

The customary size is 6 to 7 ft. in diameter by ‘50 to 
60 ft. in length. 

There are a number of mixing machines in use—wet 
pans, auger machines, pug mills, ete. One of rather 
unique type is that of A. G. Schwarz. It consists of a 
drum with a mixing arm. It is arranged so as to remove 
moisture by producing a vacuum, and then add a definite 
amount of water, working on definite amount of material. 
It is necessarily intermittent in its action. Although an 
expensive way of operating, it has some things in its 
favor, since the amount of water cannot vary widely for 
any given mixture. The amount of water which is best 
must be determined for each plant. When once this is 
determined the Schwarz machine offers a means of always 
getting that amount into the material. 


COST OF PLANTS AND PRODUCTION. 


Ernst Stéffler, of Ziirich, in his pamphlet gives the fol- 
lowing for a plant using quick lime. ‘The cost of a plant 
and of production will not vary widely from this for any 
of the others. 

PLANT, 40,000 DAILY CAPACITY. 


Land and Buildings— 
About 5,000 mz, of land, of which about 1,500 
Mm, is built over, machine masonry, we 
Machinery Plant— 
A. Preparation of the lime: 
One stonebreaker, conveying screw with ele- 
vator, one ball-mill, tilting wagons.......... 2,332 
B & B, Mixing machines: 
Two elevators, two intermittent-charge mix- 
ing machines, wagons, two continuous mix- 
ing machines, apparatus, two ele- 
4,082 
Press room: 
Two endless belt conveyors, six mixing ma- 
chines, six presses, wagons, movable plat- 


D. Hardening room: 
Three hardening boilers with pipes.......... 7,776 
E. Boiler: Two steam boilers...............++- 5,054 
F. Engine house: Steam engine..............+.. 2,916 
G. Shafting and 2,916 
I. Unforeseen, sundries 2, 
$68,040 


To bring the machinery to this country, excluding 
hardening room and power machinery, would cost an im- 
port duty of 45% of the German valuation; therefore, 


we have 
4, 
$21,189 


Duty = $9,535.08 — and freight and transfer charges 
will bring this up to $10,000, so we would have such a 
plant costing in this country about $78,000, equipped 
with German machinery. This alone would add 8 cts. 
per 1,000 to the cost of production. 

Figures for cost of production B: 


AMERICAN CONDITIONS OF PRODUCTION. 
Sand — 157 cubic yards @ 7 cents......... 
Lime —13 cubic yards=11 tons @ $4.00 per 

if you own your own 


ne and burn it yourself).......... 44.00 

Depreciation and interest, 10%....--.--++esese0s 20.00 
$166.25 

Selling expenses—about 16.00 
$182.25 


According to the estimate, the brick could be put on 
the market without profit at 4.55 per 1,000 when ma- 


ehinery is bought in Germany and with a plant costing 
$80,000. However, there is no necessity for importing 
machinery. 
A plant with American machinery will cost about as 
follows: 
A liberal estimate for land and inners I 
would fall well within. ... $15,000 
One wet pan (30 HP.).......... 1,000 
One Ball mill (5 HP.) or other arrangement me 


Two pug milis (20 HP.).............. SOO 
Conveying machinery ................. 6,000 
Shafting and belting. . 3,000 
One 100-HP. Corliss engine. care 2.500 
Two 100-HP. boilers..... 2,000 
Four hardening boilers, 7 diameter by Tong. . 8,000 
Placing same and insulating same..... 1,000 
Pipes for preliminary heating. . 1,000 
Railroad tracks and unforeseen expenses. ; 4,500 

$50,000 


I think a plant satisfactory in every way could be in- 
stalled for $50,000, and brick produced for $4 per 1,000, 
ready for market, if the plant were favorably located. 

At any rate, it is safe to say that this product can be 
put on the market as cheap as pressed brick, since the 
losses in manufacture, in a plant in good running order, 
do not exceed 2%. 

I have purposely made estimate of cost of plant rather 
high, since with any young industry there is more or 
less delay and expense in getting everything properly 
adjusted. The time consumed and amount of this expense 
of course will depend on the ability of the men in charge 

I have used the figures given by Mr. Stéffler since they 
seemed to represent about the average of several estimates 
which were available for comparison. 

I take this opportunity to acknowledge my indebtedness 
to the following persons for much valuable information: 
Stahl and Eisen Actein Gesellshaft, Héerde, Germany; 
C. Luke, Eilemburg, Germany; Fred C. Jenkens, Ham- 
burg, Germany; Ernst Stéffler, Ziirich, Switzerland; Sand- 
steinziegelei-Patente Schwarz, A. G., Ziirich, Switzerland; 
Briich Kretschel & Co., Osnabruck, Germany. 

One plant has been started in this country and two 
more are contemplated soon. 

DISCUSSION. 

Mr. H. E. Brown: I have with me this morning, as 
you will see on the table, some results of investigation 
of the sand brick question, as carried out in the labora- 
tory of the Michigan Portland Cement Co., and I will 
be glad to have you examine them. They were not 
made under ideal conditions, however, because all had 
to be done by hand methods, and these methods could 
not be just exactly the duplicate of those which would 
be carried on with machinery. 

I will say in regard to Mr. Peppel’s paper, and con- 
cerning cost of installation of a plant, that I think 
he has been very liberal in his estimates of cost of in- 
stallation of plants. From some few figures which I 
have been able to obtain from builders of machines, I 
think that he has figured very liberally, and a person 
would have quite a good working capital left, if he had 
fifty thousand dollars in his pocket with which to build 
a plant to make 40,000 brick per day under my patents. 

You will notice in the tensile tests of briquettes 
mentioned in this paper, that they were as high as 
600 Ibs. to the square inch. This is stronger than 
cement briquettes. Briquettes made of one part of cement 
and three of sand on a seven-day test, usually give 300 
lbs. per sq. in.; on twenty days’ test, it usually runs up 
to 400, 450 or 500 Ibs. A brick made from one part 
of dolomitic lime and nine parts of sand, 36 hours after 
being made, will, when submitted to tensile test, give 
about a uniform test of 400 to 450 lbs. to the square inch. 


A SAFE AND ECONOMICAL SUBSTITUTE FOR DYNA- 
MITE, 


With the coming of winter we have to record 
the usual number of disastrous explosions due 
to dynamite, causing not only great loss of life, 
but large property losses as well. 

Most engineers are well aware of the dangers 
attending the use of dynamite, and particularly 
the dangers in thawing it; but as explosives are 
often handled by ignorant workmen with whom 
familiarity most easily breeds contempt, it is by 
no means surprising that dynamite yearly swells 
its list of victims. 

Since the courts are'becoming more and more 
severe in holding employers strictly to account 
for accidents to employees, there is an added rea- 
son why every reasonable safeguard should be 
provided by the employer. 

There are several high-grade safety explosives 
now on the market, for which the makers claim 
great economy and efficiency in use, as well as 
almost perfect safety. With a view to ascertain- 
ing the true merits of one of these safety powders, 
known as Joveite, a member of our editorial staff 
recently visited the factory, and carefully exam- 
ined the method of manufacture. Then the pow- 
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der was subjected to the most severe tests that 
could be conceived under his direction. 

METHOD OF MANUFACTURE.—Joveite Is 
sold either in bulk like black blasting powder or 
in cartridges like dynamite, the size of the sticks 
being exactly the same as the sizes of the or- 
dinary sticks of “giant.”” It is made by melting 
crystals of solid nitronaphthaline, and solid picric 
acid, in a steam-jacketed kettle or mixer, after 
which solid nitrate of soda is added. The product 
is a yellow granular substance looking much like 
sawdust, or corn meal. It is especially to be noted 
that the powder contains no liquid, as dynamite 
does, and that it is made at a temperature about 
equal to that of boiling water. Being a solid it 
can no more freeze than can ordinary black pow- 
der. Being made at a@ high temperature in the 
first place, its composition does not change af- 
tcorward when exposed to heat as does dynamite. 

Dynamite, as is well known, if exposed for a 
few hours in- the sun, or in hot water, begins to 
deteriorate and eventually “rots” entirely. When- 
ever dynamite shows a greenish color it is “rot- 
ting,’ and in that condition is exceedingly dan- 
gerous, being liable to explode when jarred. 

Joveite was shown in sticks which had been ex- 
posed to all sorts of weather for weeks without 
any deterioration; and, according to Charles E. 
Munroe, Ph. D., of Columbian University, it has 
been exposed for four years in open boxes in a 
room without undergoing any change. These facts 
are important in view of the fear expressed by 
some that in time the powder might deteriorate. 

I'nder direction of the writer the following tests 
were made to determine the safety of Joveite 
against accidental explosion: 

SAFETY ‘TESTS.—First, the powder in small 
loose was ignited with a common fuse, 
without a cap; it simply burned rapidly without 
exploding. In a confined hole (drilled in a piece 
of steel) the same result was obtained. The pow- 
der in large masses was burned in the same way. 
It will be noted that pure dynamite can be treated 
just this way with safety, and often has been, 
except that in large masses pure dynamite can be 
exploded by its own heat, although in small 
masses it cannot, because of the greater cooling 
effect of the air on small masses, But no one is 
so rash nowadays as to try burning dynamite, 
even in small quantities, if the dynamite shows an 
acid reaction or a greenish tinge, indicating “‘rot- 
ting.’”’ 

The second test was to hammer sticks of Joveite 
on an anvil and on rocks; but even more conclu- 
was the hammering of a few grains at a 
time on an anvil without exploding them. In one 
spark struck by iron on rock has been 
known to ignite the Joveite, and it burned up, 
but without exploding. The same thing has hap- 
pened with pure dynamite, but impure or “rotten” 
dynamite under similar conditions has been 
known to explode. 

The third test, and to our way of thinking, the 
most severe one, was dropping the Joveite pow- 
der onto a hot iron. When the powder struck the 
iron it ignited and burned without explosion; and 
a red hot iron plunged into a mass of the powder 
simply set it on fire. One of the greatest authori- 
ties on explosives, M. Eissler, says in his book on 
“Modern Explosives,” “At 350° F. the fall of a 
dime upon dynamite will explode it.” 

Walke, in his “Explosives,” says: ‘“Gener- 
ally speaking, dynamite does not explode by blows 
of wood upon wood, but it is liable to do so when 
struck between stones, and always explodes when 
the blow is metal upon metal, except copper and 
lead.” All authorities concede that a drop of pure 
nitroglycerine falling but a few inches on a hot 
iron will explode, and as testified recently before 
the Municipal Explosives Commission (see Eng. 
News, Dee. 18, 1902), a drop of nitroglycerine may 
ooze from a stick of dynamite in thawing, and 
falling 3 or 4 ins., it will explode on striking a 
stove lid with the violence of a “four-X cap.” In 
view of these facts it is particularly noteworthy 
that Joveite does not detonate when dropped upon 
hot iron or the like. 


heaps 


sive 


case a 


The fourth test was to pass an electric spark 
through a small mass of Joveite. The sparking 
machine was especially made for such tests and 
will produce a current of such high voltage that 
the result is a miniature lightning flash, the zig- 
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zag spark being some 2 ft. long. This spark 


passed through a tube containing Joveite, failed 
to explode it or even to ignite it, when the spark 
was momentary; but when long applied the spark 
finally set fire to the powder which then burned 
without exploding. It is well known that similar 
sparks of much less power will explode both 
black powder and dynamite. For example, Prof. 
De Kalb, Professor of Mining at Kingston, On- 
tario, says in his “Manual of Explosives’: “A 
strong electric discharge, or a flash of lightning 
will usually explode dynamite.” 

We shall not describe in detail here the safety 
tests made at Jerome Park, March 13, 1902, 
where, in the presence of Fire Chief Croker and 
others, a 50-lb. case of Joveite was placed on an 
anvil and a 250-lb. weight was dropped upon it 
from a height of 40 ft., and where 650 Ibs. of the 
powder were ignited and burned without explod- 
ing. Nor shall we repeat the daily paper reports 
of firing pistol shots into cases of the powder and 
the like; for convincing and spectacular as are 
such tests, they are not one whit more convincing 
than the tests above enumerated, and in some re- 
spects not so much so. 

Since it has been said that such powders as 
Joveite might be safe when mixed in proper pro- 
portions, but unsafe if an excess of one of the 
ingredients was used, we had mixtures of the 
powder made with a great excess of the picric 
acid—the real explosive element. Such mixtures 
treated as above described gave exactly the same 
results, although when detonated with a cap the 
explosion was ‘‘quicker’’ and more violent. 

DETONATING THE POWDER.—Our next tests 
were to determine the effectiveness of the cap in 
causing detonation or true explosion. A cap such 
as is used with dynamite is fired in exactly the 
same way, either with a fuse, or with an electric 
battery. If however the cap is not thrust into 
the end of the stick, but placed about 4-in. 
away from it, the stick will not go off. If the 
cap is placed closer the stick will explode. When 
one stick with the cap in it was placed 2 ins. 
from other sticks lying all around, the stick with 
the cap exploded, but the others did not, al- 
though they were torn to pieces by the shock. 
A stick of Joveite may be, and has actually been 
exploded on top of a closed 50-lb. box of Joveite 
without setting the box off. However, we confess 
that we did not care to stand by and watch this 
done, even after conducting the above described 
experiments; for Joveite is made to be exploded 
by the detonation of a cap or other powerful ex- 
plosive, and so close a proximity of the sticks 
in the box to a detonating stick might possibly 
cause explosion. It is, however, an added element 
of safety that sticks must be nearly touching 
each other in order to be exploded by one cap. 
The detonating effect is then passed on from one 
stick to another. 

THE POWER OF JOVEITE.—There is perhaps 
no way of satisfactorily testing the power of any 
explosive except by its results in actual use. 
In a general way, however, the relative strengths 
of powders may be tested. The method used at 
the factory proving grounds in Elmira, N. Y., is 
to fire a few grams of the powder to be tested 
in a heavy steel mortar which is plugged with 
a 75-lb. steel cylinder. This steel plug has a 
wire fastened to it, the wire being wound on a 
reel. When the powder is fired in the mortar, 
the plug is shot up into the air, carrying the wire 
with it; and by measuring the length of wire 
thus unreeled, the projective force may be 
roughly measured. Ten grams of No. 3XX 
Joveite shot the 75-lb. plug nearly 100 ft. into 
the air, while a similar weight of ordinary black 
blasting powder raised the same weight only 3° 
ft. Joveite is made in three grades: No. 1 is 
equivalent to a 20° dynamite; No. 2 is equivalent 
to a 40% dynamite; No. 3XX is equivalent to a 
60% dynamite. 

Joveite as now packed in sticks weighs fully 
one-third less than most dynamites of equal 
grade, and it is claimed to be correspondingly 
cheaper, the price being about the same pound 
per pound. We can, of course, give no definite 
substantiation of the truth of these claims, ex- 
cept that since Joveite was patented in 189, its 
use has gradually been spreading among con- 
tractors and quarrymen in New York and Penn- 


sylvania; and despite recent enlargements of 
plant where it is manufactured it was found + 
still further enlargements were in progress 

It is not at all likely that the element of sa‘ 
is alone accountable for this increasing us 
a safety powder, since unfortunately most 
tractors think of the first cost of powder f 
and of the accident cost last. 

There is one feature, not heretofore mentio: 
that we considered worth while investigating 
namely, the character of the fumes given off 
the explosion. Headaches are caused by inha! 
dynamite fumes in small quantities, and 
death has resulted when the fumes were de: 
This is said to be due to the vaporized n 
glycerine, and not to the gases produced by 
explosion itself. A quantity of Joveite was 
ploded in an iron boiler, and the fumes wer: 
haled as they poured out through a hole in ? 
boiler. They caused no ill effects at all. H 
ever, the manufacturers have found tha: 
dynamite is first exploded in a tunnel, and ¢ 
followed with Joveite, the two kinds of fu» 
mingling are far worse than either alone. ‘7 
is so even where the dynamite fumes have }, 
largely swept away by compressed air. We 
not prepared to say with positiveness that 
Joveite fumes are not poisonous at all; but 
do know that fumes from dynamite, exploded jn 
similar manner, give a severe headache a; 
nausea when inhaled. 

If, as seems probable, a man can enter a tu) 
nel after a Joveite explosion and begin w 
sooner than when dynamite is used, an obvi) 
saving of time will be effected. Actual tria! \ 
quickly determine this to be true or not. At any 
rate the Joveite is no worse than dynamite 
this score. 

Joveite can be used just as dynamite is use 
wet holes, or under water. Neither should }): 
left a long time under water before exploding: 
dynamite, because the nitro-glycerine slowly leaks 
out; Joveite, because the nitrate of soda may 
leach out if the cartridge is not a perfect one 
However, a new cloth covered cartridge, said t. 
be perfectly impervious to water, can 
procured from the Joveite manufacturers. 

Finally as to use of Joveite in bulk. In dry 
holes this is probably the best way to use th 
powder, especially where a “squib” can be first 
fired so as to produce a chamber or pot hole. In 
open cuts and quarry work, Joveite is used to 
great advantage by pouring it down into seams 
over 44-in. wide, partly or wholly filling the seam 
This, in some kinds of rock, saves a great deal 
of drilling, and it enables the contractor or 
quarryman to use a very powerful explosive or 
very moderate explosive according as No. jXX 
or No. 1 powder is used in the seam. 

In closing we quote again from Prof. De Kall)'s 
book: 

Joveite presents no danger in its manufacture. It wil! 
not explode from friction, shock or pressure, fire, lightning 
or electric sparks. It can only be exploded with de 
tonators (‘‘exploders’’) such as are used in exploding 
dynamite. It undergoes no chemical change from age or 
from atmospheric influences. It is unaffected by tropical 
heat or the extreme cold of winter. Its products of ex 
plosion contain no noxious gas. It has been tested by the 
ablest experts and has never proven unsafe or unreliable, 
and would seem to fulfil all the requirements of an idea! 
explosive. 


now b 


For courtesies in examining the plant and in 
testing the powder we are indebted to Mr. William 
Beach Pratt, president of The Explosives Manu- 
facturing Co., of Elmira, N. Y. 


A CONCRETE STEEL PENSTOCK FOR A WATER POWER 
PLANT. 


In constructing a new water power electric 
plant at Champ, near Grenoble, France, use was 
made of concrete-steel for the construction of 
some 2,100 m. (6,888 ft.) of a penstock 4,600 m 
(15,088 ft.) long, the remaining 2,500 m. (8,200 ft.) 
being steel pipe. This is, so far as we know, 


the most ambitious attempt to employ this new 
material for a conduit to carry water under pres- 
sure, and we, therefore, abstract the following ac- 
count of the work from an article describing th 
new plant which was published in 
Civil” of Nov. 22, 1902. 

The penstock which conveys the water from the 
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reservoir to the turbines at the power house is 3.3 
m. (10.82 ft.) in diameter, and has a total fall of 
oy. (122 ft.) on a uniform grade of 7 mm. per 
a ‘ r. The portion constructed in concrete-steel 
ae designed to withstand the pressure of a head 
‘ er of 20 m. (65.6 ft.), and was constructed 

as wn in section by the accompanying draw- 
As will be seen the concrete-steel conduit 
pl - rests in a saddle of hydraulic cement con- 
The reinforcement used consisted of round 

¢ iron varying from 11 to 22144 mm. in diam- 
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ness of rates to be charged by a public service corpora- 
tion is the fair value of the property used by it for the 
convenience of the public. 

(4) At the same time, the public have the right to de- 
mand that the rates shall be no higher than the services 
are worth to them, not in the aggregate, but as in- 
dividuals. 

(5) Summarized, these elemental principles are, the 
right of the company to derive a fair income based upon 
the fair value of the property at the time it is being used 
for the public, taking into account the cost of main- 
tenance or depreciation, and the current operating ex- 
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DETAILS OF CONCRETE-STEEL CONSTRUCTION FOR A PENSTOCK UNDER A PRESSURE OF 
65.6 FT. HEAD OF WATER. 


eter laid at equal intervals around the perimeter 
and parallel to the axis of the conduit. These 
longitudinals were encircled by rings of round 
iron bars from 6 to 12 cm. in diameter, also 
spaced regularly, but vertical to the axis of the 
conduit. The meshes formed by these two sets 
of bars were 10 x 11 cm. The thickness of the 
conerete shell of the conduit in which this rein- 
forcement is embedded varies from 20 to 25 cm. 

In constructing the conduit the metal bars were 
bent to the proper circle and welded in the field. 
These rings were set in place first and then the 
longitudinal rods were placed and tied with wire 
to the rings. For placing the concrete three molds 
were employed, one being an interior mold or 
mandril and the others being for the molding of 
the exterior of the pipe. About 36 m. (118 ft.) of 
penstock were built per day. 


A COURT RULING ON THE BASIS FOR APPRAISAL OF 
A WATER-WORKS PLANT. 


The Supreme Court of Maine has recently is- 
sued some unique instructions to the appraisers 
appointed to fix the price of property at Water- 
ville, Fairfield, Winslow, Benton and Mt. Vernon, 
to be taken by the Kennebec Water District. The 
act authorizing the purchase of the works pro- 
vided that either party might apply te the court 
for instructions to govern the appraisal, and both 
parties availed themselves of the privilege. Ap- 
parently specific rulings were requested on a 
number of points, accompanied in some instances 
by opinions as to what those rulings ought to be. 
The rescript of the court, as drawn by Justice 
Savage, is given in full, as follows: 

The act incorporating the plaintiff district authorized 
it to acquire by the exercise of the right of eminent do- 
main, “‘the entire plant, property and franchises, right 
and privileges now held by the Maine Water Co. within 
said district and the towns of Benton and Winslow.” 
The act further provides that appraisers appointed by the 
court “shall, upon hearing, fix the valuation of said’ 
plant, property and franchises at what they are fairly 
and equitably worth, so that said Maine Water Co. shall 
receive just compensation for all the same,’’ but that 
“before a commission is issued to the appraisers, either 
party may ask for instructions to the appraisers.’’ Both 
parties having asked for instructions, and the questions 
of law arising thereon having been reported to the law 
court, the court is of opinion that the appraisers should 
be instructed in accordance with the following principles: 

(1) The plaintiff, if it takes anything, must take all 
the property held by the Maine Water Co. in the Kennebec 
water district and in Benton and Winslow, whether 
specifically named in, the act or not. This includes the 
real estate or other property, if any, not connected with 
the water system, it includes the plant or physical sys- 
tem, and it includes all franchises, rights and privileges 
held by the water company, exercised or capable of being 
exercised. 

(2) The Maine Water Co. is a quasi-public, or public 
service, corporation, and is entitled to charge reasonable 
rates for its services, and no more. 

(3) The basis of all calculations as to the reasonable- 


penses, and the right of the public to have no more ex- 
acted than the services in themselves are worth. 

(6) The reasonableness of the rate may also be af- 
fected, for a time, by the degree of hazard to which the 
original enterprise was naturally subjected, that is, such 
hazard only as may have been justly contemplated by 
those who made the original investment, but not unfore- 
seen or emergent risks. And such allowance may be 
made as is demanded by an ample and fair public policy. 
If allowance be sought on account of this element, it 
would be permissible at the same time to inquire to what 
extent the company has already received income at rates 
in excess of what would otherwise be reasonable, and 
thus has already received compensation for this hazard. 

(7) The franchises granted to the Waterville Water Co., 
by Chap. 141, Private and Special Laws of 1881, as 
amended by Chap. 59, Private and Special Laws of 1887, 
and Chap, 14, Private and Special Laws of 1891, and to 
the Maine Water Co. by Chap. 352, Private and Special 
Laws of 1803, are not exclusive. Neither are they per- 
petual and irrevocable. They are subject to legislative 
appeal. In fixing the value of the franchises, both of 
these considerations are entitled to their just weight. If 
the business of the company is now practically exclusive, 
in that it has no competitor, that fact also may and 
should be considered by the appraisers when they fix 
the value of the property of the company as a going con- 
cern. 

(8) In determining the present value of the company’s 
plant, the actual construction cost thereof, with proper 
allowances for depreciation, is legal and competent evi- 
dence, but it is not conclusive, nor controlling. 

(9) The request that ‘‘under no circumstances can the 
value of the plant be held to exceed the cost of producing 
at the present time a plant of equal capacity and modern 
design’’ should not be given. Among other things, it 
leaves out of account the fact that it is the plant of a 
growing concern, and seeks to substitute one of the ele- 
ments of value for the measure of value itself. 

(10) The actual rates which may have been charged 
heretofore, and the actual earnings, are both admissible 
and material in determining the value of the plant. The 
value of the evidence, however, will depend upon 
whether the appraisers shall find that the rates charged 
have been reasonable. 

(11) The quanity of water furnished and of the service 
rendered, and the fitness of the plant and of the source 
of water supply to meet reasonable requirements in the 
present and future are material upon the question of 
present value. 

(12) The appraisers should regard the franchises of che 
company as entitling it to continue business as a going 
concern, but subject to all the proper legal duties yov- 
erning public service companies. 

(13) Faithfulness or unfaithfulness shown by the 
water company in the past in the performance of public 
duty to furnish pure water at reasonable rates, is not 
a matter for consideration. It is the franchise as it now 
exists which is to be taken and paid for. 

(14) The liability of the company to legal forfeiture of 
its franchises on account of past unfaithfulness and. mis- 
behavior is not to be considered. 

(15) If the water company and its predecessors have 
actually received more than reasonable rates hitherto, 
the excess cannot be deducted from the amount to which 
the company would otherwise be entitled. 

(16) No compensation can be allowed to the Maine 
Water Co. for individual damages to its other property 
having no physical connection with, or contiguity to that 
taken, and having no relations with it except those 


which grow out of common ownership, nor for the im- 
pairment of the economy and efficiency of administration 
which are obtained by the combination of many water 
systems under one management. 

(17) The real estate or other outside property not di- 
rectly connected with the water system should be ap 
praised at its fair marker value, not at forced sale, but 
at what it is fairly worth to the seller, under considera- 
tions permitting a prudent and beneficial sale thereof. 

(18) The appraisers may properly consider what the 
existing system can be reproduced for. But the cost of 
reproduction will not be conclusive. It will be evidence 
having some tendency to prove present value. The in- 
quiry along the line of reproduction should be limited to 
the replacing of the present system by one substantially 
like it. 

(19) In estimating even the structure value of the plant, 
allowance should be made for the fact, if proved, that 
the company’s water system is a going concern with a 
profitable business established, and with a present in- 
come assured and now being earned. 

(20) So far as the water system, if practically exclusive, 
the element of good will should not be considered. 

(21) In fixing structure value, while considering the 
fact that the system is a going concern, the appraisers 
should also consider, among other things, the present 
efficiency of the system, the length of time necessary to 
construct the same, de novo, and the time and cost 
needed after construction to develop such new system 
to the level of the present one in respect to business and 
income, and the added net income and profits, if any, 
which by its acquirement would accrue to a purchaser 
during the time required for such new construction, and 
for such development of business and income. But these 
are to be considered ‘‘among other things.’’ They are 
not controlling. Their weight and value must depend 
upon the varying circumstances of each particular case 

(22) In addition to structure values, the appraisers 
should allow just compensation for all the franchises, 
rights and privileges to be taken. 

(23) The value of the franchise depends upon its net 
earning power, present and prospective, developed ond 
capable of development, at reasonable rates; and the 
value to be assessed is the value to the seller, and not 
to the buyer. 

(24) In considering prospective development of the 
use of a franchise, consideration must also be had of the 
fact that further investment may be necessary to develop 
the use, and of the further fact that at any stage of de- 
velopment the owner of the franchise will be entitled 
to charge only reasonable rates under the conditions 
then existing. 

(25} Subject to all the foregoing limitations, the owner 
is entitled to any appreciation due to natural causes. 

(26) The fact that the franchises are to be taken in 
no respect repairs (impaiis?) their value for the purpose 
of appraisal. 

(27) The property to be taken, both plant and fran- 
chises, are to be appraised, having in view their value as 
property in itself and their value as a source of income 
There are these elements of value, but only one value of 
one entire property is to be appraised in the end. These 
elements necessarily shade into each other. 

(28) The capitalization of income even at reasonable 
rates cannot be adopted as a sufficient or satisfactory 
test of present value. But while not a test, present and 
probable future earnings at reasonable rates are prop- 
erly to be considered in determining the present value of 
the system. 

(29) The appraisers should be instructed to receive and 
consider all evidence offered, so far as admissible under 
the general rules of law, which is pertinent under the 
rules stated in the requests of the parties, so far as they 
have been approved, and as limited or explained, in the 
opinion of the court. 

It is so ordered. 


We are indebted to Mr. W. E. Getchell, C. E., of 
Augusta, Me., for our copy of the instructions 
here reprinted. 


THE VENTILATION OF TUNNEL RAILWAY LINES 
OPERATED BY ELECTRIC TRACTION. 


It is the fashion just now to believe that with 
the adoption of electric traction all the difficulties 
which have hitherto stood in the way of the 
satisfactory operation of railway lines in tun- 
nels have been overcome. Unquestionably the 
building of the Rapid Transit underground rail- 
ways in New York and Boston, and the extension 
of the Peansylvania R. R. into New York city by 
an underground line, have only been made pos- 
sible through the development of electric traction 
for railway service. But because we have at our 
command a motor which does not foul the air 
with noxious gases, it does not follow, as has 
been supposed in the past, that provision for 
ventilation is needless. That mistake has been 


made in England on the London “tube” railways; 
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and as a result we can testify from personal 
observation that the air in the London under- 
ground railways operated by steam locomotives 
is much to be preferred to the noxious odors that 
assail the passenger on the electric ‘“‘tube”’ lines. 

An interesting letter bearing on this matter 
appears in a recent issue of London ‘“Engineer- 
ing,” and is printed below. Its author is an 
English engineer who has been prominent in con- 
nection with plans for ventilation works, and it 
will be noted that his plans for tunnel ventilation 
are similar to those which have been put forward 
in this journal. 


Sir: Now that it is generally admitted that the at- 
mosphere tn the deep ‘‘tube’’ electrically-run railways is 
bad and getting worse, it may be interesting to recall 
the history of these lines, in regard to the matter of 
ventilation and the inducements in that respect originally 
held out both to Parliament and the public. From the 
commencement, engineers and others of eminence (buy 
evidently without experience in the science of ventila- 
tion), gave the assurance that the perfection in the ven- 
tilation of these ‘‘tubes’’ would be one of their greatest 
points, I ventured at the time to doubt this, and nearly 
six years ago my doubt became a certainty, after the 
experience gained in the South London Electric ‘‘tubes,”’ 
as the undernoted will explain. 


dicated; and that most certainly the mere running of the 
trains through the tunnels at these great depths would 
never give anything like perfect ventilation or the de- 
sired results. 

These remarks—made in the beginning of 1896—stand 
true to-day, and practically and very aptly apply to all 
the deep ‘‘tube’’ railways, now or shortly to be in use 
A copy of the above report was submitted at the time to 
the late Mr. J. H. Greathead, M. Inst. C.E., the 
pioneer engineer of these deep ‘‘tube’’ lines, and the en- 
gineer of the Baker Street and Waterloo Railway, who, 
I may say, originally referred me to the South London 
Electric Railway as a model for perfect ventilation, but 
who after meetings with myself ultimately admitted the 
truth of the strictures in the said report, and promised 
to introduce provisions in the said Baker Street and 
Waterloo Bill for mechanical ventilation, after which the 
Bill was allowed to pass through Parliament without 
further opposition. 

Unfortunately, not long after this, Mr. Greathead -lied, 
and nothing material appears to have been done in the 
direction indicated on any of the ‘‘tube’’ railways com- 
pleted since; otherwise I have good reason for believing 
that this most vital matter of ventilation would have been 
seriously and properly dealt with in something like the 
manner I have suggested. 

When it is borne in mind that the air in these deep 
‘‘tubes’’ is considerably heavier than the air above 
ground, and that the vitiation of the atmosphere below 


As the expert who, early in 1896, reported profession- 
ally on the ventilation of the Underground Railway to 
the instructions of the directors of the Metropolitan 
Iistrict Railway, I oad occasion to examine into the 
atmospheric condition prevailing in the South London 
Electric line with a view to providing for the ventilation 
of the Baker Street and Waterloo Railway, for the con- 
struction of which a Bill was then before Parliament: 
and a copy of the result of this examination was appended 
to the main report submitted to the Board of the Metro- 
politan District Railway, and the whole ultimately came 
in 1897 before the Departmental Committee of the Board 
of Trade on the ventilation of the London underground 
rejiways, before which committee I also gave evidence. 

it was therein shown that po special provision what- 
ever had then been made for the ventilation of these deep 
tunnels, and that the two ‘‘tubes’’ being always con- 
nected together at the stations, could only be looked upon 
as one syetem vo far as the ventilation of the whole was 
concerned. 

The Bill for the Baker Street and Waterloo extension 
was for the time being (1896) opposed in Parliament on 
the ground of insufficient ventilation, and in my said re- 
port I pointed out that these tunnels—being so far below 
the surface and in no way influenced by differences of 
temperatvre--ought to be ventilated. quite independen:ly 
from the mere running of the trains, which only cir- 
elated the air throughout the tunnels without properly 

hanging it, and that the atmosphere of the tunnels 
ought at ail times to be positively changed or changing, 
whether the trains were running or not. 

1 further indicated that: 


(1) Though the most perfect plan of ventilating the 
tunnels would be the placing of a special shaft, equi- 
distant between each two stations, carrying it to the sur- 
face above the roofs of the houses, and placing an elec- 
trically-driven fan of proper dimensions towards the 
upper part of it in each case for the extraction of the 
vitiated air—allowing the fresh air taken from consider- 
ably above the street level free entry down through the 
stations—it was quite possible to give good ventilation 
on the same principle, by arranging vo place on some of 
the special air shafts orovided in the Act similar fans— 
say, a fan to be arranged in every other air-shaft at 
every other station, allowing the air-shafts remaining at 
the other stations to act as fresh air inlets. 

(2) Although the visible impurities—such as smoke, 
steam, etc.—existing, say, in the (steam traction) under- 
ground Metropolitan railways, were entirely wanting in 
these electrically-worked underground ‘‘tube’’ lines, the 
last-nemed had a disadvantage (from a ventilating point 
of view) of being about frem three to four times the depth 
uncer the surface that the Metropolitan railways were, 
and also of their not being at all appreciably berefited 
by the difference of temperature and_the action of the 
wind 

(3) Apart from the nuisance caused from the products 
of combustion from the steam locomotives, the Metro- 
politan and District underground railways in London 
were free from the musty ard close smell which pre- 
vailed in all parts of the South London Electric Railway, 
where tne atmosphere could, under the existing tircum- 

tenees and under the most favorable conditions, be only 
completely changed at long intervals, and where the air 
was fouled by stale tobacco smoke and the breaths of 
human beings so constantly crowding the trains. 

(4) It was “imperative, therefore, that the vitiated or 
heavy air formed or left in these electrically-worked rail- 
wav ‘“‘tubes'’ should be constantly drawn off or extracted 
to the surface—as in mires—in order that fresh air 
should as constantly take its place; and that 

(5) This could only be satisfactorily accomplished by 
the proper use of positive and special appliances, as in- 


makes it still heavier, it will at once be seen that nothing 
but the positive pulling out of the vitiated air to the out- 
side and the replacing of this with fresh air, will answer 
the purpose, and prevent these deep tunnels from tending 
to become ultimately practically breeding groun’s for 
divease. 

With the electric current available as motive power in 
the ‘‘tubes,’’ there is no reason in the world why prac- 
tically perfect ventilation should not be secured in these 
popular deep lines by the adoption of something like the 
plan suggested to the late Mr. Greathead in 1896. 

I am of opinion that when the electrification of the 
London underground railways, now in progress, is an 
acccmplished fact, with the riddance of the steam and 
products of combustion from the locomotives, there ought 
to be no further cause for complaint as regards bad venti- 
1. tion in these comparatively short but large area tunnels, 
which are only on the average a few feet beneath the sur- 
face of the streets, which now have numerous openings 
te the surface, and which terminates in so many open 
spaces. 

The deep small area ‘‘tube’’ lines are, however, on 
quite a different basis, but when efficiently and 
mechanically ventilated, as they ought to be, I can safely 
promise that the atmosphere in these ‘‘tubes’’ should be, 
if anything, purer, fresher, and more equable than the 
ordinary air of the streets of London, laden, as it gener- 
ally is, with dust and insanitary particles and odors; 
in fact, ventilated in the manner suggested, the air of 
the deep ‘‘tube’’ railways should be infinitely preferable 
to the atmosphere of the electrified Metropolitan under- 
ground railways ‘‘naturally’’ ventilated, as they only 
stand to be under the new system; which can only tend 
to make the ‘‘tubes’’ more popular than ever, 

I am yours, etc., 
James Keith, Assoc. M. Inst. C.E. 

Dunnottar, Shoot-up Hill, Brondesbury. 


A MECHANICAL FILTER PLANT has been recom- 
mended for treating vhe water supply of Toledo, O., which 
is drawn from the Maumee River. A low-lift pumping 
station, coagulating basins, masonry filter tanks, and 
eovered clear-water reservoir are proposed. On the basis 
of a daily capacity of 58,000,000 gallons the estimated cost 
of the purification works is $1,240,390, but by cutting the 
plant about in half, so as to meet only the requirements 
up to 1920, the cost might be reduced to $773,190. This 
course is recommended. The report, including these rec- 
ommendations, together with a review and estimates of 
various other plans, was made by Messrs. G. H. Benzen- 
berg, Allen Hazen and W. G. Clark. 


ANNUAL MEETING OF THE INDIANA ENGINEERING 
SOCIETY. 


The twenty-third annual convention of this 
society was held at Indianapolis, Jan. 15 to 17, 
the meetings being held in the rooms of the 
Commercial Club. 

The society has recently been incorporated and 
starts this new stage of its existence with a list 
of 91 members. At the opening meeting, in the 
afternoon of Jan. 15, the annual address was 
delivered by the president, Prof. William D. 
Pence, of Purdue University, who took the ques- 
tion of engineering education as his subject. 

The first paper was on “The New Municipal 
Electric Light Plant of Richmond, Ind.,” by Mr. 
J. B. Nelson, of Indianapolis, who was consulting 
engineer for the city of Richmond in designing 


this plant. An abstract of this Paper wil! | 

published later. This was followed by a pape: 
STREET DUST AND DISEASE, 

by W. Severance Burrage, Professor of Sanita 

Science at Purdue University. The following 

an abstract: 

One of the most important vitiating factors in our 
mosphere is dust. Sanitary and municipal engineec; 
or should be particularly interested in the problem 
lating to the dust of city streets, for a city with du 
streets is not only disagreeable, but unhealthful. \. 
statistics show that persons engaged in dusty occupat ir 
as coal miners, coal handlers, charcoal burners, foyn 
men, lead-pencil makers, etc., are subject to certai; 
eases of the respiratory organs, and that their expecta: 
of life is much below the average. In many of our 
the quantity and quality of dust makes an environ 
not unlike that of those engaged in dusty occupations. 

Some of the constituents of dust have no influc; 
whatever on the health; others have a very seriov 
fluence. It is the evident duty of the engineer to eli, 
nate all factors in the streets and in the vicinity of 
streets that tend to increase the amount of dust, | 


DO 


organic and inorganic. This would necessitate a «t\)4 
on his part of the various kinds of pavement, in orde: 
select that one which is least dusty under all condition 

a study of the best methods and times for watering the 
pavements; the best methods of cleaning the pavemen: 

a study of the methods for decreasing the smoke and soo: 
nuisance; the removal of dust and garbage in a sanitar, 
way, and would also require him to insist on the e; 
forcement of the law prohibiting the vile human habit 
of public expectoration. 

The next paper was by Mr. J. W. Fulwide: 
City Engineer of Lebanon, upon 
THE NEW SEWERAGE SYSTEM OF LEE 

ANON. 

The plans were made in 1901 for a complet 
separate system of sewerage, Mr. C. G. H. Goss 
being retained as consulting engineer. A topo- 
graphical survey was made and a contour maj 
prepared, while other maps showed the streets. 
pipe lines, manholes, lampholes, flush tanks, etc 
Most of the sewers are built in the alleys. Th: 
plans provided for 17.8 miles of S-in. to 24-in 
sewer, 204 manholes, 83 lampholes and 20 flush 
tanks, but about one-third of this work was cut 
out by the Council, the total cost being $32,248. 
while the estimate for the entire system was 
$65,000. The contract was let to G. W. Siebert at 
$59,736; work was commenced in August, 1901, 
and completed Nov. 10, 1902. The depth of trench 
ranged from 4% ft. to 16 ft. The 24-in. outfall 
discharges into a small creek. Considerable difti- 
culty is being experienced in determining the 
assessments for the cost. The discussion of th: 
paper turned largely on the assessment of public 
property for public improvements. 

At the evening session three papers were read, 
the first two of which were illustrated by stere- 
opticon views. Mr. C. A. Kenyon, of Indianapolis 
read a paper on 

BITUMINOUS MACADAM PAVEMENTS. 

This paper described the Warren type of pave- 
ment, which has been described in our columns. 
It was stated that in two years 640,000 sq. yds 
have been laid in forty cities, from Boston to 
Seattle. The cost is from $1.65 to $2.25 per sq. yd. 

THE NORTHWESTERN AVE. SEWER. 

This paper, by Mr. W. Buehler, Assistant City 
Engineer of Indianapolis, described a huge com- 
bined storm-water and sewage conduit. This 
paper, with some of the drawings of the sew. 
work, we shall publish in a later issue. 

THE CITY ENGINEER AND HIS WORK IN 
THE SMALL CITY. 

This paper was by Mr. J. S. Humphrey, alsv 
Assistant City Engineer of Indianapolis. It out 
lined the personal and professional requirements 
of the engineer and the varied characier of ‘h 
work which he has to undertake. 

On Jan. 16, the first paper read was by Mr 
Frank L. Wolfer, Assistant Engineer of th: 
American Bridge Co. at Pittsburg, on the subject 
of 


r 


“a 


HIGHWAY BRIDGES. 

This paper discussed the various methods em- 
ployed for preparing plans and letting contract» 
mere particularly for county and towns): 
bridges. The evils of the system by which th: 
preperation of designs is largely in the hands »! 
the contractors, and by which the inspection »! 
the material and erection is neglected, and the 
bridge then left without any competent inspection 
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as to concition or repair was strongly condec.ned. 
The author was particularly emphatic as to the 
necessity of caring for the bridges when erected 
and in use. He suggested that there should be 
a state engineer of bridges, with a corps of quali- 
fied essistants to design and leok after the 
4 nage B. Nelson, City Engineer of Indianapolis, 
opposed jegislation of this kind, but thought the 
parties letting the contract should be competent 
to know What the work is worth. Many of the 
contract requirements are practically useless or 
meaningless. Prof. Sackett thought the county 
surveyor might be required to prepare bridge 
plans, calling on a bridge engineer where the cost 
of the work is to exceed a certain amount. It was 
pointed out, however, that many county surveyors 
are not engineers at all, and those who are engi- 
neers are not always experienced in bridge work. 
Mr. Spiker introduced a case where a county sur- 
veyor designed a 40-ft. bridge with trusses 18 ft. 
deep. Prof. Pence thought the Indiana Engineer- 
ing Society has a field for work in improving or 
educating public opinion as to the qualifications 
for county surveyors, and Mr. Luten remarked 
that some counties are now requiring permanent 
floor construction, instead of the usual wooden 
flooring. 
CONCRETE-STEEL BRIDGES. 

In this paper, Mr. D. B. Luten’ of Indianapolis. 
described and illustrated the special patented 
features of the different systems of construction: 
1, Monier, with a network of rods in the center 
line of the arch ring; 2, Melan, with steel I-beam 
ribs; 3, Von Emperger, with lattice ribs, concen- 
trating the metal near the intrados and extrados 
of arch; 4, Thacher, flat bars in intrados and ex- 
trados, without any web member; 5, Hyatt, simi- 
lar to the Thacher, but with middle part of bars 
(at crown) omitted in the extrados; 6, Luten, 
similar to the Hyatt, but bars in extrados at 
sides, and offset to the intrados at the crown; 7, 
Hennebique, concrete ribs under the floor, rein- 
forced by steel rods in both floor and ribs. 

BRIDGES AND MASONRY. 

The report of the Committee on Bridges and 
Masonry was read by Mr. Waesche, of Lafayette. 
It consisted mainly of a comparison of the mo- 
ment table and moment diagram system of calcu- 
lating bridge strains. The diagram system was 
shown to be fully as accurate as the other, and 
to save nearly 50% of the time required in work- 
ing out the calculations. 

SAND FILTRATION FOR THE 
APOLIS WATER-WORKS. 

A talk on this subject was given by Mr. L. K. 
Davis, of the Indianapolis Water Company. The 
company is required to so purify the water that 
the effluent will contain not more than 40 bacteria 
per cu, em.; the water to pe treated contains 300 
to 6,000, and even up to 100,000 bacteria per cu. 
cm., but it is expected that the requirement will 
be met. ‘There will be auxiliary filters or scrub- 
bers to take out matter held in mechanical sus- 
pension; three filter beds, and two clear water re- 
servoirs, to which latter the water passes through 
Venturi meters with recording gages. In pump- 
ing the present supply from deep wells, 85% of 
the cost of pumping is in raising the water to the 
gallery, a lift of 27 ft., while forme:!y the water 
stood only 7 or 8 ft. below the gallery. This great 
expense will be avoided by taking water from the 
river and filtering it. The walls of the filters are 
of concrete, reinforced by expanded metal, 1% of 
steel (in volume) increasing the strength S times. 
To prevent ice formation, hot water pipes are laid 
around the filters, 18 ins. from the walls, it being 
believed that ice will not form unless it has 
something to cling to. The cost will be $450,000, 
as against $875,000 for a plant of the same ca- 
pacity at Philadelphia. This brings the cost into 
competition with mechanical filter systems. 

In the afternoon there was an excursion over 
the electric trolley interurban line of the Indian- 
apolis, Shelbyville and Southeastern Ry., to 
Shelbyville, 26 miles. This was arranged by Mr. 
R. P. Woods, engineer for Townsend, Reed & Co., 
the contractors. 

The railway is supplied with current from a 
central station in Indianapolis, where alternating 
current at 20,000 volts is generated and carried 
to a substation 18 miles distant, where it is 
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transformed to direct current at 600 volts and sent 
out on the line. 

At the evening session, Mr. F. A. W. Davis, 
Vice-President and General Manager of the In- 
dianapolis Water Co., read a paper on the use of 
pulverized coal for fuel, an abstract of which is 
given below: 

COAL DUST BURNING PLANT AT THE INDIAN- 

APOLIS WATER-WORKS. 

The burning of pulverized coal under boilers is not a 
new subject, and not new in experimental experience. 
Notwithstanding the failures, losses and disappointments 
experienced by others, the Indianapolis Water Co. decided 
that so great were the advantages that would accrue if 
the process could be made a success, that it would risk 
an expenditure of $25,000. By the process, if successful, 
the following results will be reached: 

1, Cleanliness of the boiler room; 2, the use of coal 
screenings (much of which goes to waste at the present 
time); 3, the combustion of 80% of the coal; 4, the re- 
duction of the cost of coal and the number of employees 
to handle it; 5, facility for increasing the heat quickly, 
which is an important matter to many concerns; 6, the 
lessening of the quantity of coal that is carried out with 
the ashes, thereby making a saving; 7, the lessening 
of the quantity of ashes to be handled; 8, doing away 
with the smoke. This last feature has not generally 
commanded the attention that it should have. But the 
desirability and the importance of it is forcing itself upon 
the attention of every thoughtful business man. 

At the present time cement is being successfully made 
with the use of pulverized coal, which is blown into the 
furnace by the air blast. Machinery has been made for 
grinding coal—apparently successful; but it yet remains 
to be demonstrated that powdered coal can be burned 
under boilers with satisfactory results.* 

The machinery that the Indianapolis Water Co. has 
adopted has a capacity of 140 tons in 24 hours, and is 
as follows: 

(1) A cylindrical rotary dryer for drying the slack coal, 
as all the moisture must be taken out of the coal before 
it is put into the grinding machinery; otherwise it is 
impossible to grind the coal to a satisfactory degree of 
fineness. 

(2) A rotary ball mill, to which the coal is carried from 
the dryer. It revolves at the rate of about 22 revolutions 
per minute. It is 5 ft. 6 ins. diameter inside and about 
8 ft. 6 ins. long inside. This is partially filled with steel 
balls which reduce the coal to pass an S-mesh screen. 

(3) A rotary tube mill, to which the coal is conveyed 
from the ball mill. This mill is 4 ft. inside diameter 
and 20 ft. long inside. It is lined with buhrstones, such 
as are used in mill work, and it is about half full of 
pebbles which are brought from Greenland (none being 
found in this country that will do the work). This cylin- 
der makes about 25 revolutions per minute. The reduc- 
tion of the coal to a 100-mesh is accomplished by means 
of the buhrstones and the pebbles. 

The tube mill requires 60 HP.; the ball mill 18 HP.; 
the dryer, about 8 HP. To set this machinery in motion 
requires considerable shafting, belting, gearing, elevators 
and conveyors. All the machinery is driven by a 150-HP. 
four-valve Russell engine. Steam is furnished by an 
internally fired boiler of 150 HP., with Adamson furnace. 

From our knowledge and experience we think one of 
the secrets of success will be found in the grinding of the 
coal so that it will be almost as fine as flour, and so fine 
that combustion will take place while the dust is sus- 
pended in the blast. This means that the ashes will, to 
a certain extent, be carried to the boiler tubes and flues 
where it will rest and cause loss of heat unless the ashes 
are blown from the tubes and flues. 

The dust-burner with its air supply, feeding and regu- 
lating devices has been constructed from drawings fur- 
nished by Mr. L. K. Davis and has been made so as to. 
overcome many objectionable features found in other 
burners. The boiler furnace is also constructed from 
drawings furnished by Mr. Davis, and it is hoped that it 
will overcome some of the serious objections so far en- 
countered in other furnaces. An induced draft will be 
created by a fan. 

The next paper was by Mr. Paul W. Covert, 
Instructor at the Manual Training School, discuss- 
ing “The Manual Training High School and Its 
Benefit as a Training for Engineers.” He showed 
that the school gives instruction to students at an 
age before they think of entering college. Prof. 
Sackett thought such a school would also be of 
benefit in turning out good mechanics. 
CHANCES OF FIRE FROM LOCOMOTIVE 

SPARKS. 

Prof. W. F. M. Goss, of Purdue University, de- 
scribed investigations made by him, the net result 
of which was to show that sparks rarely start 
fires outside the right of way. The record of these 


*A few boiler plants in this country are using pul- 
verized coal as fuel, including the six boilers at the 26th 
St. power-house of the Illinois Central R, R., Chicago, 
already described in our columns,—Ed, 


investigations and their results have been pub- 
lished in book form. 
STREAM POLLUTION. 

A brief report of the Committee on Stream Pol- 
lution stated that public agitation over the mat- 
ter had practically ceased during the past year, 
although the pollution continues and is. still 
growing worse. Mr. Marshall O. Leighton, Hy- 
drographer of the United States Geological Sur- 
vey, followed with a paper on “Stream Pollution 
and Remedial Policy.” He thought better 1e- 
sults could be obtained by working on economical 
and financial or commercial lines, than on pucely 
sanitary lines. He also thought that investiga- 
tions should be made by thé government as to the 
possibilities of utilizing industrial wastes. The 
United States Geological Survey is now taking up 
this matter in Indiana, particularly with reference 
to the strawboard industry. It was remarked also 
that efforts toward the utilization of city sewage 
have not been productive of practical results in 
this country, although in Europe there are several 
successful plants. 

The general policy recommended in the paper 
did not meet with much favor, being criticised 
as too slow in producing results, too favorable to 
those responsible for the pollution, and also as 
leaving the present objectionable conditions un- 
altered while experiments and negotiations for 
their remedy are being conducted. Mr. F. A. W. 
Davis thought that there should be some process 
of law by which offending plants could be closed. 
Persuasion has been tried, with little or no result. 

CONCRETE-STEEL STRUCTURES. 

The report of the Committes on Materiais cf 
Construction referred principally to the use of 
concrete-steel or reinforced concrete for bridges 
and other structures. In the discussion the failure 
of a concrete-steel floor at Jackson, Mich., was 
referred to. It was built by an inexperienced con- 
tractor to his own designs, the concrete being 
reinforced by expanded metal sheets supported on 
wire cables anchored to the brick walls. The 
falsework or centering was removed too :.9o0n (i e- 
fore the concrete was strong erough to act in 
compression), the cables sagged and the weight 
of the floor then pulled in the walls, causing the 
collapse of the structure. The proposed 16-story 
concrete office building at Cinetnnati, and the use 
of 42-in. sewer pipe of concrete, reinforced by 
wire, were also referred to. The same subject 
was taken up the next day in a paper by Mr. H. 
C. Brubaker, of Indianapolis, on “Some Applica- 
tions of Concrete-Steel Construction,” referring 
particularly to certain floor work. 

NEW LAW ON LAND SURVEYING. 

At the meeting on Jan. 17, the Committee en 
Surveying presented a proposed bill providing for 
the method of making and filing plans of city 
additions, ete., based upon the law which nas been 
in use in Michigan for tifteen years without 
change. This requires a proper title and descrip- 
tion, dimensions, scale, a deed from the owners 
and a certificate from the surveyor that monu- 
ments exist. One copy of this is filed with the 
recorder and another with the State Auditor, each 
one signed by the proper officer and bearing a 
certificate to the effect that the first copy has been 
compared with the original and the second copy 
with the first copy. 

NEW LAW ON BRIDGE CONSTRUCTION. 

The Committee on Bridges and Masonry sub- 
mitted a proposed bill, based upon one submitted 
at the meeting of 1902 and referred to this com- 
mittee. It provided particularly for having the 
plans prepared by engineers. The ill was very 
severely criticised on several points, but it was 
admitted that existing evils need to be remedied. 
It was finally decided to print it in the report of 
the proceedings, but with the specific explanation 
that it was simply a suggestion of the committee 
and not approved or indorsed by the society. In 
this way it can be studied and criticised as a basis 
for further development. 

OFFICERS AND PLACE OF MEETING. 

The election of officers resulted as follows: Presi- 
dent, Prof. R. L. Sackett, Earlham College, Rich- 
mond, Ind.; Vice-President, Robert P. Woods, 
Indianapolis. Mr. C. ©. Brown, of Indianapolis. 
was reappointed Secretary. The next meeting 
— be held in Indianapolis on Jan. 14, 15 and 16, 
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In connection with the discussion over the 
dynamite dredging operations,” on Brunswick 
Bar, Georgia, in Engineering News of April 18, 
1901, a peculiar theory was brought forward re- 
specting the sand upon an ocean bar. This the- 
ory is that the sand of the bar is hard and firm 
during the ebb tide, but becomes loosened or 
“alive” during flood tides. The responsibility for 
this theory—or, rather, for placing it on record 
in engineering literature appears to rest with 
Capt. Thos. H. Rees, Corps of Engineers, U. S. A. 
In reporting on the Goodyear dynamite opera- 
tions in 1891 he said:* 

By wading along the beach or on the shoals during low 
water it was found that while the ebb currents continued 
the bottom was firm and compact and it was impossible 
to force even the flat blade of an oar into the sand more 
than an inch or two As soon, however, as flood cur- 
rents were established the bottom became soft and loos- 
ened, the feet would sink into the sand, which seemed 
to be washed away from around them, and the slightest 
motion would throw the sand into suspension. An oar 
could now be forced some distance into the bottom. While 
some experiments with dynamite, with a view to deep- 
ening the bar, were being carried on by the city of Bruns- 
wick during the months of July and August last, the diver 
who was employed in sinking the charges was questioned 
in regard to the character of the bottom during ebb and 
flood tides, and he stated that during the ebb the bottom 
was hard and smooth, but on a flood tide the sand was 
“alive’’ and the bottom soft and shifting. And further, 
that during ebb tide the water was generally clear, un- 
less “‘roiled’’ by stormy weather, so that he was able to 
seo quite distinctly; while during flood tide the water was 
always so turbid that he was in total darkness at the bot- 
tom and could see nothing. He also stated that he had 
found these same conditions to exist at all the sandy har- 
bors of the Atlantic coast where he had been employed 
in diving. The concensus of opinion among the pilots of 
Brunswick Harbor was that the bottom was ‘‘alive’’ dur- 
ing flood tide and hard and firm during the ebb, and my 
own observations during the progress of this survey lead 
me to the same conclusion. 


In explanation of this remarkable phenomenon, 
Capt. Rees ascribed it to the difference in hy- 
draulic levels tending to cause a current through 
the sands as well as over them. 

To test the soundness of this theory a series of 


*Annual Report of Chief of Engineers, 1892, p. 1331. 


tests was recently undertaken by Mr. Jas. H. Ba- 
con, M. Am. Soc. C. E., U. S. Assistant Engineer 
at Fernandina, Florida. A %-in iron rod was 
loaded with a weight of 150 lbs. and its penetra- 
tion into the sand was measured both during 
flood tide and during ebb tide. The tests were 
made at various places and under various condi- 
tions. The total number of tests made was 110 
during flood tides and 113 during ebb tides. The 
mean penetration of the rod during flood tides 
was 0.39 ft. and during ebb tides, 0.388 ft. We un- 
derstand the tests to have been made in substan- 
tially the same locality as that in which the 
famous “dynamite dredging’ was done—or not 
done, and also the same as that where the obser- 
vations were taken on which Capt. Rees based the 
above theory. The conclusion reached by Mr. Ba- 
con is that the sand on the bottom is equally hard 
at flood tide and at ebb; and engineers engaged in 
harbor improvement will be safe in accepting this 
as a fact, at least until some real proof is given 
of a contrary condition. 


Nobody doubts the familiar theorem of ele- 
mentary mechanics that two bodies cannot oc- 
cupy the same space at the same time, but we 
seem to be in danger at the present day of over- 
looking its practical application in industrial de- 
velopment. To translate this abstract principle 
into concrete terms, what we wish to call atten- 
tion to is that when the centralizing force which 
is so evident everywhere in these times passes a 
certain point, an opposing centrifugal force be- 
comes evident. 

Just now the most forceful illustration of this 
fact is the iron and steel producing district of 
which Pittsburg is the center. This has increased 
its productive capacity by leaps and bounds dur- 
ing the past two or three years, and it is now 
discovered that the railway lines have not the 
capacity to supply these plants with the neces- 
sary raw material. The trouble appears to be not 
so much lack of rolling stock or lack of traffic 
capacity of the roads themselves, as it is lack of 
terminal and yard facilities, and—what is more 
important—lack of room in which to build the 
additional facilities needed. Of course, if the 
territory were an open plain the railways could 
spread their lines where they pleased; but the 
topographical conditions compel the railway lines 
to follow the narrow valleys; and where traffic 
converges to a focus, as at Pittsburg, congestion 
is inevitable. 

The serious thing about it is that when traffic 
becomes so crowded that its movement is re- 
tarded, the situation rapidly grows worse. It is 
like a moving mass of people which can pass 
through a contracted passageway rapidly as long 
as too many do not try to pass at one time; as 
soon as crowding begins, however, the movement 
is retarded, and may even be entirely stopped. 

In a railway yard with empty tracks, switching 
can be very rapidly done and cars can be sorted 
and trains made up with the minimum of work 
on the part of switching locomotives and yard 
men. When the same yard has half its track 
space filled with cars, much longer strings have 
to be moved in the work of sorting and making 
up trains, and the work -proceeds much more 
slowly. If trains continue to arrive faster than 
the yard can take care of them, it is but a ques- 
tion of a short time when the yard will have to 
suspend business entirely. 

Another practical application of the theorem 
of physics noted above is the passenger traffic 
in the streets of New York. The street traffic 
in the past year has been so heavy that the 
electric surface cars on the most crowded north 
and south lines have made little better time than 
was made in the old horse car days. A similar 
condition was experienced in Boston some years 
ago before the opening of the subway removed 
the cars from the narrow crowded streets in the 
heart of the business district. 

The elevated railway traffic in New York offers 
another admirable illustration of the fact men- 
tioned above that when traffic reaches the con- 
gestion point the traffic capacity is reduced. At 
the rush hours, when the elevated trains are 
packed to the utmost limit and when the traffic 
capacity of the line and of the rolling stock ought 


to be at the highest to give proper acco »; 


tion, the traffic capacity is materially ey; 
because of the very long stops at stations ; 
by the length of time required for bees 
leaving the train to wriggle out from 


mass of their fellow creatures. 


Congestion of traffic and of industry 
remedied, but to do so money must be sper 
spent lavishly. This means in the long 
added expense in connection with the ing 
and a consequent tendency to divert indu t , 
some other channel. The railways at pit: 
by purchasing enough very costly land ca 
yards big enough to take care of the re 
movement; but the cost of these yards -~ 
sooner or later paid by the freight which pa 
through them. The result -will be an iner 2 
the cost of iron making in Pittsburg, nnd 
possibly a transfer of some of the indust t 
some competing site where crowding ¢’s | 
severe. 

It is common to deplore this result; but 
reality it ought to be welcomed as Nature's = 
check upon the modern tendency toward 
tralization, and about the only one at present to 
be seen. It is better by far for the country 
large that a dozer. centers of iron proda:ti 
should develop, rather than a Single one. [ js 
better that the export trade should be han iled 
through a dozen prosperous seaports than e; 
centrated at one. There are any number of furore 
working toward concentration, and when Snes 
have finally brought concentration to a roint 
where congestion begins, it is fortunate that 
economic laws step in and set in motion a « 
ter centrifugal force. 
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In another part of this issue we give considey 
able space to a timely paper by Mr. Samuel \ 


Peppel, the chemist of the Ohio Geological Surye, 
describing the properties of lime-sand bricks ani 
the technology of their manufacture. Until recent], 
American engineers and architects have had littl 
occasion to familiarize themselves with this ma- 
terial, but unless present indications are at fault 
they will be called upon by manufacturers to give 
it consideration in the near future. In Germany 
“kalksandstein” bricks form a considerable article 
of commerce in competition with burned clay 
bricks, and according to reports have proved to be 
in all respects a meritorious building materia) 
The properties of the material and its behavior 
under the usual tests to which brick are sub- 
mitted are fully discussed by Mr. Peppel and need 
not be enlarged upon here. There is one featurs 
which must not be forgotten, however, which is 
that the sandstone brick with calcium silicate 
binder is a far different material than the lime 
mortar brick first made or the cement mortar 
brick of more recent ievelopment. In Germany, 
where the experience with sandstone brick has 
been greatest, it is held to be a much superior ma- 
terial to any kind of mortar brick. 
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A novel sanitary measure has been recom- 
mended for adoption by Dr. E. B. Barnet, acting 
chief sanitary officer of Havana, Cuba, in his 
report for the month of November last. We quote 
from the report as follows: 


One of the most convenient measures which this de- 
partment should establish with a view of bettering th: 
city’s sanitation and which is hereby submitted to you for 
approval is to order the disinfection of every vacant 
house prior to its occupancy by the new tenant. This, 
measure should be of an obligatory nature and put into 
practice by the Disinfecting Brigade of the Sanitary !e- 
partment, according to the rules and the tariff to be dic- 
tated, the cost of said disinfection to be as low as po>- 
sible: at the charge of the owners, when the house sha!! 
have been tenanted for not less than one year, and to be 
defrayed by the tenants, if the house has been occupied 
for a shorter period, and to be altogether free when tle 
families shall be unable to pay the cost of this disin- 
fection. By a similar process, the furniture, uten 
clothing, and all articles requiring it should be proper!y 
disinfected. It is not necessary to dilate at length upon 
the advantages of dictating this sanitary measure for 4)! 
houses to rent. By this method, the new tenants would 
move into a house completely free of deadly germs, and 
without danger of contracting a contagious disease from 
which the other tenants might have suffered, and of which 
this department might have no knowledge. 


Of course such precautions are more needfu! in 
a city like Havana than in most American cities, 
located in the temperate zone, but, with modifica- 
tions to meet local conditions the compulsory dis- 
infection of houses at every change of tenants, 
particularly in sections known to be generally 
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nsanitary, is a measure which health authorities 


Sigh well consider. We may also suggest that 
schoolhouses might well be disinfected at least 
as often as between terms, and washing of wood- 
work with germicides at more frequent intervals 


, precaution well worth while. 

engineers’ report on the damage done to 
” steel wire cables of the New East River 
ridge by the fire of Nov. 10, 1902, which we 
yblish nearly in full in another part of this 
issue, is of particular interest both because of its 
Lifying information that most of the damaged 
wires can be repaired with small loss of strength 
hy the cables as a whole and because of the novel 
nt hod recommended for reinforcing the sections 
of the injured cables where they bend over the 
caddies. Summarized briefly the report shows that 
n their present unrepaired condition one of the 
injured cables is 2% per cent. and the other is 64 
per cent. weaker than they were before the fire. 
This is admittedly a liberal estimate of the dam- 
age done. By making the readily accomplished 
repairs of splicing in new wires, however, these 
cables will be only 9.25% and 2% weaker than 
they were originally, an almost negligible reduc- 
tion of strength in the first case and one which 
falls well within the limits of the factor of safety 
in the second case. Indeed, the question may 
reasonably arise whether so small a reduction, in 
an ultimate sustaining power, which can never be 
called upon for action is enough to justify as a 
necessity the reinforcement which the reporting 
engineers recommend, in addition to the splicing 
of the injured wires. On the other hand, as the 
report points out, the injury to the cables is at 
those parts where the strains are greatest and 
where, if anywhere, the customary margin in 
excess of the spgcified strength shouid be pre- 
served, if possible. To do this the reinforce- 
ment of the injured cables over the saddles is 
recommended. The construction of this reinforce- 
ment is fully described in the report which is pub- 
lished elsewhere and need not be repeated here. 
The inquiry may properly be made, however, why, 
if this construction is as effective as the engineers 
making the recommendation apparently deem it, 
is it not a good one to use in building up new 
cables? It would, we think, be of interest to 
engineers to have the thoughts of those experi- 
enced in building suspension bridge cables upon 
this question. 


= 
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Through delay by the engravers, the inser 
sheet of portraits of the presidents of the four 
principal American engineering societies, an- 
nounced.on the bulletin on our front cover, had 
to be postponed to our next issue. 


THE BEGINNING OF THE END OF DYNAMITE. 


In another part of this issue we have reported 
the results of some test results made upon one 
of the safety powders. It will pay every con- 
tractor, miner, or user of explosives in any form 
to carefully read the article referred to. 

Dynamite has done a great work in the service 
of man, as did black powder before it; but its 
inherent dangers are admitted by all and are 
proved by the long list of deaths and injuries, 
and destruction to property which annually oc- 
cur through its use. Why should we continue to 
use an explosive that annually kills and maims 
hundreds of men, when others are available which 
are equally powerful, no more expensive and far 
less liable to accidental discharge? Dynamite 
when first manufactured is pure and compara- 
tively safe; but most unfortunately it does not 
always stay pure; it “rots,’”’ and then it is ex- 
ceedingly dangerous. More than this, the ex- 
plosive part of dynamite is a liquid, nitrogly- 
cerine, which is absorbed or soaked up by saw- 
dust, wood pulp or the like. So long as this 
liquid nitro-glycerine remains pure and remains 
“soaked up,” or absorbed there is little danger. 
It has been found, however, that the nitro- 
glycerine leaks under certain conditions. During 
thawing it frequently leaks out of the stick, or 
if it becomes wet the water causes the nitro- 
glycerine to leak out. In either case free liquid 
nitro-glycerine escapes, and in that free state it 


may be exploded by any very slight shock. Nor 
is this all, if a stick of frozen dynamite be 
broken across it has been found by tests that the 
frozen nitro-glycerine where thus broken is very 
sensitive to shocks afterward. 

Some eighteen months ago a car of dynamite was 
wrecked on the Delaware, Lackawanna & Western 
Ry., and its contents exploded, causing a heavy 
loss of life and property. Since that time that 
railway company has refused to carry dynamite 
at all. The New York, New Haven & Hartford 
R. R. also refuses to carry it. If this action 
spreads it will be only a matter of time until of 
necessity some substitute must be used. 

Regarding the accidents from thawing dynamite 
we have at hand some statistics that are very 
interesting, as well as impressive. In the 
Annual Report for 1S9S of the Inspectors of Ex- 
plosives of Great Britain we find that 68 men 
were killed and 97 injured while thawing dyna- 
mite, but none were killed and only four were 
injured from explosions of dynamite due to other 
causes. These figures speak more eloquently than 
any tongue. 

The safety powders which we believe are de- 
stined to replace dynamite do not contain any 
liquid, hence they do not freeze, and require no 
thawing in cold weather. Therefore if they were 
not safer than dynamite in any other respect, 
still they would remain vastly safer from the 
fact that they need no thawing. It is claimed for 
these safety powders that they are safer in every 
other respect also, that they do not “rot” or 
change when heated or exposed, that blows will 
not explode them, and that fire itself has no action 
except to cause them to burn up harmlessly. 
We believe that every one of these claims is justi- 
fied by the many experiments and tests which 
have been made, both in actual, practical use and 
in the laboratory. 

The only remaining question, then, is one of 
cost. Since the formation of the “dynamite 
trust,” consumers have been more than ever 
anxious to find substitutes for dynamite, and with 
good reason. A number of years ago, before the 
ingredients of these safety powders were pro- 
duced as by-products on a large scale, their cost 
was doubtless a barrier to their general use. 
Within a very short time all this has changed, and 
users have not yet awakened to the fact. Again, a 
number of years ago, when safety powders first 
came upon the market, they were often so made 
that when exposed to moisture they spoiled just 
as gunpowder does. They did not become unsafe; 
indeed they became so “safe” that nothing on 
earth, not even a cap would explode them. Now 
the best manufacturers have learned how to coat 
the particles of their powder so as to protect it 
from moisture, and as they are meeting dynamite 
in the open market, and daily gaining ground, 
the safety powders are evidently as cheap or 
cheaper. 

We lay stress on this matter of expense only to 
show that there is nothing save pure conservatism 
and reluctance to change to prevent the substitu- 
tion of safe explosives for dangerous; but the great 
argument for such a change is the argument of 
safety. In these days of labor troubles on every 
hand, who shall say that effort on behalf of 
workmen is not only justified on humanitarian 
grounds, but is really a sound business policy if 
viewed from the selfish standpoint alone? In the 
proceedings before the Anthracite Strike Arbitra- 
tion Commission, one strong argument for in- 
creased wages has been the showing of what the 
miners suffer through risk of death and injury, 
and no argument has received more general ap- 
proval as just ground for a higher wage. 

Nor is the risk to workmen alone to be con- 
sidered. How many contractors have been 
mulcted in damage suits as a result of accidental 
explosions? It requires little gift of prophecy to 
foresee a time when surety companies furnishing 
contractors’ bonds will make it a condition that 
only safety explosives shall be used on the work, 
particularly if it be carried on in a city or other 
place where valuable property is at risk. 

When such action is taken and when municipal 
officials compel the use of safety explosives on 
city work, the employer who persists in using 
dynamite will find himself obliged to pay heavy 
damages for every workmen killed or injured by a 


dynamite explosion, for the courts will rightly 
hold him responsibl These are some of the 
reasons why we venture to say that the beginning 
of the end of dynamite is in sight. 


LETTERS TO THE EDITOR. 


Rail Sections for Both Steam and Electric Service in 
Paved Streets. 

Sir: In regard to inquiry of W. M. F. for information 
regarding suitable section of rail for both freight and 
electric passenger cars in paved streets, I would state 
that in Providence for this work Lorain Co., Sec 74 No 
265 (S-in. Tee) with bolted on guard, Sec. D, is used with 
success. In the special work, the floors of the hard cen- 
ters of forgs and mates are made %-in. below heat of 
rail, thus permitting the electric passenger cars to ride 
across the groove on the flanges of the wheel and re 
ducing the jar. Hoping this information may be of value, 
I remain, 


Yours truly, Thomas R. H. Daniels. 
Providence, R. I., Jan. 17, 1908. 


Tile Underdrainage as a Relief from Seepage Water Duc 
to Irrigation. 


Sir: In your issue of Dec. 25, 1902, appeared a letter 
from ‘‘Citizen,’’ relating to drainage of irrigated towns 
The City of Ogden, Utah, is an “irrigated town’: the 
ground water naturally stands within a very short dis 
tance of the surface, and, without drainage of some sort, 
enters all basements and cellars. 

The city has now about 15 miles of sanitary sewers; the 
rainwater being carried off in open street gutters, the 
grades for same having been fixed in the early history of 
the place, through the necessity for distributing irrigation 
water. In laying the sewers, a 4-in. tile drain was laid 
on top of the sewer pipes. This has resulted in a thor 
ough draining of all the ground so far as the sewer 
extend. In parts where no sewers have as yet been built, 
the trouble with the subsurface water is as great as ever 
No thought is given to any method of relief except by the 
construction of sewers, with tile drains. A system of tile 
drains for drainage, only, would be very expensive; nearly 
as expensive as for sewers combined with tile drains, if 
the subsurface water be in as great volume as here. To 
make an effective drainage system, it would be necessary 
to build large outfall and main lines, all at sewer depth, 


provided with manholes for cleaning and inspection. We 
have a few tile drains, laid for drainage only: none of 
these give good service. They all soon become clogged 


and inoperative. The tile drains laid in connection with 
sewers, discharge into the manholes, thus having a short 
run, only, before entering a tight conduit that can be 
flushed and dragged and thus kept in good condition 
Very respectfully, A. F. Parker, 
Ogden, Utah, Jan. 8, 1908. City Engineer. 
(Two other replies to “Citizen’s’” inquiry were 
published in our issue of Jan, 8.—Ed.) 


Are Columns Filled with Concrete Dangerous? 

Sir: I have been much interested in your articles, pub 
lished recently, on the preservation of structural steel in 
modern buildings, and have noted the suggestions as to the 
filling of steel or iron columns with concrete, as the best 
means of preventing corrosion. 

The Board of Fire Underwriters of New York, prints in 
its schedule of rates on fireproof buildings a note to the 
effect that ‘‘columns filled with concrete are dangerous.”’ 
These statements do not contradict each other, but it is 
a question whether the danger from fire is greater than 
the danger from corrosion of steel. 

I should much appreciate any information on this sub- 
ject through your valuable columns. 
Very truly yours, 

New York, N. Y., Jan. 7, 1903. 

(We referred the above letter to the New York 
Fire Insurance Exchange, and received in reply 
the following letter: 

Sir: Replying to yours of Jan. 13, we stated in our 
Mercantile Schedule that hollow columns filled with 
cement were dangerous because it was in evidence be- 
fore us that columns filled in that way during cold 
weather had subsequently been found to be split by 
reason of the freezing of the enclosed mass. 

Very truly yours, Henry E. Hess, Manager. 

82 Nassau St., New York, Jan. 17, 1903. 

(it will be evident that the above objection 
would apply only to hollow cast-iron columns. .A 
steel column of box section, if filled with con- 
erete and frozen, would probably only have its 
sides bulged. By laying concrete in other than 
freezing weather and providing proper drainage 
for surplus water from the concrete mass, any 
danger of injury to the column by freezing would 
be entirely obviated. 

In view of the discussion as to the advantages 
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of filing columns with concrete, published in our 
issue of Oct. 23, it seems to us that the New York 
Fire Insurance Exchange would do well to change 
its attitude toward this construction. Precaution 
against the cracking of columns by frozen con- 
crete inside should not take the form of opposition 
to a construction which adds so much to the 
strength of a structure and to its ability to resist 
fire. For an immediate practical illustration we 
may take the wreck of an English spinning mill of 
fireproof construction, shown on page 21 of our 
issue of Jan. 1. This building failed because of 
the unprotected cast-iron columns, which softened 
and bent from the heat to which they were sub- 
jected, Certainly these columns would have re- 
tained their stiffness much longer had they been 
filled with concrete.—Ed.) 


Safety in Handling Explosives aud Safe Explosives. 

Sir In your issue of Dec. IS last, you published ‘the 
most important features’’ of the rules formulated by the 
Municipal Explosives Commission, appointed by Mayor 
Low. 

The make-up of these rules appears to be quite complete, 
but I would call attention to one of these rules, which, it 
seems to me, would be difficult of enforcement, namely, 
No. 16. How is a driver, no matter how careful or con- 
scientious, to prevent a free and independent citizen from 
smoking on the public streets within 10 ft. or 1 ft. of the 
“powder wagon’?’’ And what penalty could be inflicted 
upon the perpetrator of such an offense? 

I would say, rather let the public smoke, and carry the 
explosive in cases fixed within the wagon and lined with 
asbestos or felt, which would, in the event of accident, 
prevent the explosive from being subject to sudden shock 
or change of temperature 

Last winter I saw a laborer employed on work within the 
city Imits carrying about a dozen 1%-in. sticks of what 
was undoubtedly dynamite The weather was very cold, 
and the sticks were snugly packed on their ends in a 
pail of “smoking” hot water From the composed manner 
in which the individual proceeded with his burden, he was 
‘Vidently no novice at the trick. Accidents have been 
caused by the throwing away of such a pail of water 
after the sticks had been removed the hot water taking 
up trom the cartridges some of the nitro-glycerine which, 
on being thrown upon the ground, exploded. 

When dynamite has been stored for a considerable time, 
especially if the boxes are set upon their sides, the nitro- 
glycerine by the force of gravity, aided perhaps by local 
temperature conditions may become relatively concentrated 
in spots, end must necessarily be very much more sensitive 
to detonating influences than when homogeneously dis- 
tributed in the cartridge or “stick it might be well to 
prohibit the storing of dynamite for an extended period 
within the city limits, or better still, to prohibit 


its pos 
sion more than a certais number of months after it has 
left the manufacturer 

Something over a year ago,the writer.at that time Assist- 
ant Engineer of the New York Division of the Erie R. R., 
made some tests of “‘Joveite,”” one of the explosives men- 
tioned in the article above referred to, and as a result of 
these it was adopted on that division, and, | understand 
has been used with entire satisfaction until the present 

It will not freeze, being a dry powder By hammering 
with a sledge upon an anvil it sometimes can be ignited, 
end burns with a bright vellow flame somewhat in the 
manner of celluloid, with evolution of a dense, 


white 
‘moke, but no appreciable fumes. 


There is not much (if 
ony! smeke from its detonation, and no bad fumes ‘his 
explosive is somewhat lighter than dynamite, but seems 
to be about as powerful, bulk for bulk. 

It is claimed that by its use a saving in cost per unit of 
work done of something like 10% over dynamite is effecied 

Last Spring the writer attended a series of tests at Je- 
rome Park at which some very extraordinary liberties were 
taken with this explosive A lb. box of Joveite, with a 
liberal sprinkling of nails, horseshoes, etc., interspersed 
among the cartridges, was placed upon an anvil and an 
iron weight of about 200 Ibs. was allowed to drop upon it 
from a height of approximately 30 ft The impact ignited 
the Joveite, which burned quietly until the 0) Ibs 
consumed 


were 

\ny high explosive belongs to one of twogeneral closses: 
(1) Explosive mixtures, or explosives proper, and, (2) Ex- 
plosive compounds or detonants The first, while in many 
instances capable of detonation under special conditions, 
explode progressively, as in the case of black powder. 
Black powder explodes readily enough, but is not easily 
detonated Dynamite, gun-cotton, ete., will readily de- 
tonate instantaneously, and, under special conditions, may 
be made to explode 

From facts in the writer's possession, it would appear 
that Joveite, which, by the way, is “‘composed of a mix- 
ture of nitro-naphthalenes, nitro-phenols, and a metallic 


nitrate,’ possesses some of the characteristics of both a 
detonant and an explosive I am informed that it does 
hot deteriorate with age Very truly yours, 


Richard T Dasa, 
Bennett Bldg., New York city, Jan. 12, 1908. 


Notes and Queries. 

The illustration of a Westinghouse oil switch for high- 
tension circuits which appeared on page 61 of our last 
issue was by a printer's error given a title belonging to 
another cut. 

D. C. A., Kingston, N. Y., desires information as to the 
origin or first use of the type of railway bridge made of 
old rails laid across from abutment to abutment and 
covered with a solid layer of concrete. 

A bridge of this type, except that broken stone ballast 
was used as a covering instead of concrete, was illus- 
trated in our issue of April 2, 1896. The bridge was in 
use on the Chesapeake & Ohio Ry., from the designs of 
Mr. H. Frazier, Chief Engineer. We shall be glad to 
hear from any of our readers who can give more definite 
information. 


ABRAM STEVENS HEWITT. 


The death of Hon, Abram Stevens Hewitt, on 
Jan. 18, deprives this country of one of its chief 
citizens; a man of commanding influence in in- 
dustrial and economic affairs, and by character 
and ability one of the best and highest types of 
American manhood. 

Mr. Hewitt was born in a log-cabin, near 
Haverstraw, N. Y., on July 31, 1822. His father 
came to America in 1790 as the representative of 
the famous English engine-builders, Boulton & 
Watt, and he acquired some property but lost it 
later. The father assisted the son in his desire 
to obtain an education; and A. S. Hewitt was 
partly prepared for college by the district school- 


Abram S. Hewitt. 


master, but he actually obtained entrance to 
Columbia College by winning a prize established 
for the student passing the best+entrance ex- 
amination. This prize paid his tuition fees 
through Columbia, and he added to his income by 
tutoring other students, and by taking all the 
mathematical prizes of his course and several of 
the Greek prizes. Mr. Hewitt was graduated in 
1842, though his health and his eye sight were 
impaired by his hard work. As soon as his eyes 
permitted he commenced the study of law, while 
still acting as a tutor, and he was for a time act- 
ing professor of mathematics at Columbia. He 
was admitted to the bar in 1845. 

One of Mr. Hewitt’s classmates at Columbia 
was Edward, the son of Peter Cooper. Edward 
Cooper was in delicate health and his father en- 
gaged Mr. Hewitt to take him abroad and to act 
as his tutor; and from this connection it happened 
that when Peter Cooper determined to set up his 
son in business, Edward Cooper asked that Mr. 
Hewitt should be made a partner. As a result, 
the firm of Cooper, Hewitt & Co. was founded 
at Trenton, N. J.; the nucleus of the firm being a 
small rolling mill and an iron mine. Mr. Hewitt 
took especial interest in the manufacture of steel, 


and became one of the first experts in this jn. 
dustry in the United States. His firm was ;: 
first in this country to manufacture struct) 
iron work, rolled beams and girders for hridy 
and buildings, and the first to introduce the . 
mens-Martin process of making steel. Intellig., 
management and a close study of the iron mar) 
made a financial success of this venture, and 
Trenton Iron Co., incorporated Feb. 16, 1847 
still one of the very prominent industrial eon 

of the country. 


a 


Mr. Hewitt’s work in connection with 
velopment of the iron and steel industry «; 
United States in its early days received deser, 
recognition in 1876, the Centennial year, wh 
he was elected to the Presidency of the Americs 
Institute of Mining Engineers. The same hon 
was again bestowed on him in 1890, at the tiny 
when the memorable international engineer), 
meeting was held in New York and Pittsbury 
when the Iron and Steel Institut@é of Grea: 
Britain and the Verein Deutscher Eisenhuette; 
leute met with the American Institute of Mining 
Engineers. It was at that meeting in October, 
1890, that Mr. Hewitt received the Bessem.; 
gold medal of the Iron and Steel Institute. 

Mr. Hewitt’s address acknowledging this honor 
and his presidental address before the minins 
engineers at the same time are full of interest t, 
one who reads them at the present day, as evi- 
dencing the broad and prophetic scope of Mr 
Hewitt’s vision. One part of the latter address 
seems especially noteworthy at this time. We 
refer to what he had to say concerning the re- 
lations of labor to the iron industry. 

He regarded as axioms, ingrained in the very 
constitution of human nature, the following: (1) 
That individual liberty consists in the right o! 
each person to control his own life and to us: 
the products of his own labor in his own way, sv 
long as he does not interfere with the rights of 
any other person. 2) This individual liberty 
implies the right of two or more persons to com- 
bine together and to use their property and 
faculties as they may see fit, so long as they dv 
not interfere with the equal rights of other in 
dividuals or combinations of individuals. (3) As 
population grows there will necessarily be inter 
ferences among individuals and combinations of 
individuals, and hence the necessity for govern- 
ments and tribunals whose judgment must be 
final. (4) In countries where the law expresses 
the will of the majority, and can be amended by 
that majority, there is no justification for resort 
to private or personal force in order to rectify 
wrongs, correct abuses and maintain the rights of 
men. 

From these incontrovertible axioms Mr. Hewitt 
concluded: That employers and employees had 
an equal right to combine among themselves to 
advance or reduce wages, or to establish or re- 
sist legislation, which either regarded as essential. 
desirable or objectionable. But neither had th: 
right to coerce the other into submission, except 
through the action of courts duly constituted to 
decide upon causes of action submitted by either 
party. While the workman had the right to 
abstain from labor, and the employer had the 
right to cease to employ: the workman has not 
the right to compel any other workman to ceas: 
to labor, and the employer has no right to lock 
out his men in order to compel submission to 
obnoxious rules. Mr. Hewitt thus equally con- 
demned strikes and lockouts, the black-list, the 
interference with men who desire to labor, and 
the boycott. He regarded all of these as direct 
assaults upon the common weal; and the failure 
to arrest and punish men who usurp the executive 
functions of the State and the judicial powers of 
the courts, is a proof of cowardice on the part of 
public officials and of degeneracy in public 
opinion. 

With principles like these firmly imbedded in 
his character, it is notable that though Mr 
Hewitt has been a large employer of labor, there 
has never been a strike at the Trenton Iror 
Works. He treated his men fairly; yielding to 
their demands when he deemed them just; or he 
convinced them of their error. 

Mr. Hewitt’s first entrance into the public ser- 
vice was in 1867, when he was one of the ten 
LU. S. Commissioners to the Paris Exposition of 
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that year- His resulting report upon the iron and 
») industry of the world was published by Con- 
¢ranslated into a number of languages. 
1874 was elected to Congress, and again 
= 1876. .orving continuously until 1886. He was 


gound-rnoney Democrat in politics; but was too 
a 


decided in his personal convictions and too broad 
in his views to suit the then leaders of his party 
= all times. Mr. Hewitt entered Tammany Hall 


with Samuel J. Tilden, John Kelly, Peter Cooper, 
and others who sought to reform the methods in- 
stituted under William M. Tweed. In 1886 he 
was tbe Tammany candidate for Mayor of New 
York, and he was elected over Theodore Roose- 
yelt and Henry George, the Republican and eo 
ple’s candidates. But Mr. Hewitt’s administration 
jid not meet with the approval of Tammany’s 
following, and when he ran again in 1888. with- 
out the support of Tammany Hall, he was de- 
feated by Hugh J. Grant. Though retired from 
active polities Mr. Hewitt continued to take a deep 
interest in every movement that touched the in- 
terests of the city or the nation; and in 1{#)1 the 
Chamber of Commerce presented him with a gold 
medal in recognition of his activity in promoting 
the construction of the New York Rapid Transit 
Ry. 

Mr. Hewitt had widespread business interests 
and was a director in a dozen or more large cor- 
porations, including the U. S. Steel Corporation, 
the American Bridge Co., the Morton Trust Co., 
and a number of railways. The Cooper Union 
was from its organization an especial object of 
his fostering care. 

Mr. Hewitt married in 1855, Sarah A. Cooper, 
the only daughter of Peter Cooper; their children 
are, Peter Cooper Hewitt, Edward R. Hewitt, 
Erskine Hewitt, Sarah Cooper Hewitt, Eleanor G. 
Hewitt and Mrs. Amy B. Green. Peter Cooper 
Hewitt has for years made an especial study of 
artificial light, and he has succeeded in securing 
an absolutely white electric light. He has re- 
cently invented a static converter for chang- 
ing alternating electric currents to direct, which 
promises greater simplicity and economy. 


WEIGHT TESTS OF TWO CONCRETE-STEEL floors 
of the Hennebique system of construction were made at 
Cleveland, O., on Dec. 16. 1902. The first test was made 
on a floor of 24% ft. span, consisting of a flat plate 4 ins. 
thick stiffened by 8S x 16-in. ribs spread 7 ft. apart. A 
box 7 ft. wide was mitered over one rib for its full length 
and filled with gravel. Y,hen the load reached 460 Ibs. 
per sq. ft. the deflection of the beam was 3-16-in. Sue- 
ceeding loads of 550 Ibs. and 600 Ibs. per sq. ft. pro- 
duced deflections of 5-16-in. and 13-32-in., respectively. 
The second test consisted in loading in the same manner 
a floor bay 10% ft. x 12 ft. 4 ins. between centers of ribs. 
Under a load of 300 lbs. per sq. ft. the deflection at the 
center was $-32-in. The floors tested were ones forming 
part of a five-story and basement building at Cleveland, 
0., known as the Salvation Army Citadel. The first floor 
will be used for stores, the second floor as offices for the 
Salvation Army and Sunday School rooms. The rear of 
the first and second floors is an auditorium for 1,000 
people, with galleries. The upper floors are to be divided 
into small sleeping rooms, while the roof will be used as 
a roof garden. The building is fireproof and all the foot- 
ings, columns, beams, lintels, girders, floors, roof, gal- 
leries and staircases are built on the Hennebique system, 
by Mr. B. P. Faragher, Engineer and Contractor, Cleve- 
land, O. The architect’s drawings called for floors able 
to carry a load of 150 Ibs. per sq. ft. on the first and 
second floors, and 125 ft. on the remaining floors and 
roof 
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AN OFFER TO PROTECT WATER MAINS against 
electrolysis at St. Paul, Minn., has been made to the 
city by the St. Paul City Railway Co., against which the 
city has filed a suit for $500,000 damages and for an in- 
junction against the further use of the city water mains 
to return the electric current to the power station. The 
company states that it has had an expert go over the 
system to devermine what currents, if any, are escaping 
to the water pipe system, and what can be done to pre- 
vent such action. The expert recommends the extension 
of a ground return system to surround the affected dis- 
trivts Yo the end that there shall be no flow of current 
from the pipes. He also advises, in order to prove the ef- 
ficacy of his proposition, that test shields be placed 
around selected pipe in the affected district in order to de- 
termine whether electrolytic action takes place after the 
return system is extended. The company offers to adopt 
these recommendations, and also to insulate any lead 
services surrounded with soi] so impregnated with car- 


bonate of lead as to lower the resistance so as vo focus 
the current on these lead services. The company also 
offers to provide means for testing every bond at specified 
periods, and says that it will continue to add to the num- 
ber of its ¢ast-welded rail join’s. The company dis- 
claims responsibility for any damage done to the water 
mains, but says that the legal questions involved are so 
many and doubtful that it is willing to meet the water 
board more than half way in an effort at adjustment 
The company alleges its willingness to make good al! 
damage to water mains, if any, which can be proved 
against it, providing an adjustment of the present con- 
tentions can be made. In conclusion, it says that it will 
be only a short time before its bonding system will be 
completed throughout the entire city. 


THE DAMAGE TO THE NEW EAST RIVER BRIDGE 
CABLES BY FIRE AND THE PROPOSED METHOD 
OF REPAIRING IT. 


The Board of Engineers appointed Nov. 14, 
1902, to recommend and report to what extent 
and in what manner repairs should be made to 
the steel-wire cables and to the other steel work 
of the Williamsburg Bridge, damaged by the fire 
of Nov. 10, 1902, has submitted its report. This 
Board consisted of Messrs. Geo. S. Morison, C. C 
Schneider and L. L. Buck, Members Am. Soc. 
Cc. E., and its report is made to Mr. Gustav Lin- 
denthal, M. Am. Soc. C. E., Commissioner of 
Bridges of New York city. The technical portions 
of the report are as follows: 


The fire occurred at the top of the Manhattan tower 
The injury caused directly by this fire was confined to 
the top of the tower. Some indirect injury was done to 
the steel work by the falling of heavy steel bolts which 
were stored on top and which in falling struck some of 
the less important members; the injury done in this way 
does not impair the real strength of the structure. 

The most important of these injuries to the steel is 
on inside girders, which are really struts, at the top of 
the tower. We recommend that all these injuries be made 
good by methods which will make no change in the design 
or appearance of the work; that all bent angles or 
bruised tie plates or other injured pieces shall be cut out 
and replaced by new sound pieces and that the tower be 
restored, both as to appearance and dimensions, to its 
condition before the fire. 

The fire also destroyed the temporary blocking of the 
saddles, allowing them to move forward, thereby drop- 
ping the main cables on the so-called foot bridge, the 
cables of which broke under the increased weight. 
and the foot bridge fell except so far as it was held by 
the suspenders on the main cables. The wreck of the 
foot bridge was the most conspicuous result of the fire, 
but it had no effect on the strength of the permanent 
structure and need not be considered here. 

The fire appears to have originated between the saddles 
cerrying cebles A and B, A being the most southerly of 
the four cables. This fire communicated to the filling 
over these cables on top of the saddles and the upper 
wires cf both these cables on the saddles were evidently 
heated to a red heat which burned off the oil covering 
and annealed the steel. The direction of the wind turned 
the fire towards the river span and no injury was done to 
either cable on the land side of the saddle. The steel 
plate covering on cable A extended up to the saddle and 
this covering protected this cable from the fire, the in- 
jury being confined to the upper portion of the saddle 
The steel plate covering had not been put on cable B 
and the fire heated the under part of the cable on the 
river side of the saddle affecting the wires in the same 
way that the top wires were affected over the saddle. 

The fire reached the north end of the tower and de- 
stroyed the blocking connections which permitted the 
saddles to move forward and drop the main cables on the 
foot bridge, but did not reach the cables, the wires of 
which are unhurt. 

In every instance where wires were tested the tests were 
not confined to the injured portion of the wire, but were 
extended so that the injured wire might be compared with 
the same wire uninjured; in the case of the upper wires 
the tests covered a considerable length of wire on each 
side of the injury; in the bottom wires this could not be 
done as the wires could only be removed up to the saddle, 
but a considerable length of wire on the river side was 
always taken so that a similar comparison could be made. 
In the case of the upper wires the weakest point was gen- 
erally found near the east quarter of the saddle; in the 
case of the lower wires the weakest point was generally 
found very close to the saddle. 

Each cable contains 37 strands, each strand containing 
208 No. 6 wires, making a total of 7,696 wires in each 
cable. The specifications reauired the wire to have an 
ultimate strength of 200,000 Ibs., or more, to the square 
inch. It generally ran much higher, averaging from 8%. 
to 10% more than the specifications required, this corre- 
sponding to an ultimate strength of from 216,000 to 220,- 


(4H) Ibs.) while some individual wires were materially 
stronger 

The wires were given a coating of oil which was baked 
on before thev were tested and placed in the bridge 
Where they were not heated enough to destroy this coating 
of oil they do not appear to be injured, and the integrity 
of this oal coating seems to be a satisfactory evidence 
of the integritv of the wires 

The result of heating the wire was to anneal it and 
also to lengthen it, the heated wires being more or less 
bowed out of their true positions. Annealing reduces the 
strength, the degree of reduction varying with the com 
pleteness of the annealing. The strength in extreme 
cases has been reduced to about 80,000 Ibs. per sq. in, 
which was about the ultimate strength of the steel from 
which the wires were drawn The effect of the heat has 
been greatest in the outer layer of wires, and is almost as 
great in the second layer; it is much less in the third 
laver. and practically disappears in the fourth layer \ 
summary of these 28 wires is given in the following table 


Ultimate strength, 
-————Ilbs. per sq.in 


No. Layer Uninjured Least injured Loss of 
wires. wire portions. strength 
First 3,800 89900 
+ Second 110,400 in” 


6 Third 


221,700 164,000 26° 
2 Fourth 


234,000 210,500 10 


« 


Five of the upper layer wires were from cable A; the 
other 22 wires were from cable B The twenty-eighth 
wire was from the fifth layer and showed no appreciable 
weakening. 

The experiments made at Troy confirm the accuracy of 
these tests, but their principal value lay in the fact that 
by the use of micrometer readings the elastic limit and 
the modulus of elasticity were more accurately deter 
mined. The results of these tests are given in the fol 
lowing table in which the lowest results of the burned 
wires have been compared with the highest results of the 
uninjured wires. 

Elastic limit 
Ibs. per sq.in 


No Uninjured Least injured Loss of 
wires wire. portions. strength 
149,600 TO.000 53% 
146,200 82,500 44% 
7,400 62% 
Averages 148, THOM 


Ultimate resistance, 
Ibs. per sq.in 


No. Uninjured Least injured Loss of 
wires wire portions. strength 
1 220,800 99, 100 

2 121,500 17% 

3 222, 102,200) 


Modulus of elasticity 


No. Uninjured Least injured Loss of 
wires. wire portions. strength 
27 40,000 2.0% 

2 27, 39 

3 086,000 1.3% 

1 100,000 26,884,000 4.3% 


Averages 27 


It will be observed that the modulus of elasticity has 
not been materially affected, which means that the in- 
jured wires will continue to work with the others, al- 
though with a much smaller margin of safety 

A count has been made by Mr. Nichols’ assistants of the 
injured wires in each cable, which count is probably 
ample and may be somewhat reduced when the actual 
wires are removed. This count indicates that in cable B, 
fa) wires have been affected by the fire, one-half of which 
are on top of the saddle and one-half on the bottom of 
the saddle. The former can be replaced, the latver can- 
not. In cable A, the injury is confined to the top and the 
whole number of injured wires is stated as 200. 

The injured wires on top of the cables can be cut out 
and replaced by new wires spliced to the uninjured ends 
in the same manner that the wires in the main cables of 
the bridge are spliced, except that cut threads instead 
of rolled threads must be used on the ends of the wires. 
Splices of this kind will develop 95% of the strength of 
the wire, but as the actual working of the wire will de- 
pend on securing a uniform tension, which presents diffi- 
culties for which some allowance must be made, we have 
considered that the strength of the spliced wires should 
be estimated at only 90% of that of the unspliced wires, 
a reduction of 10% in their strength. Care should be 
taken to distribute the splices so as not to form bunches 
and irregularities in the cables. 

The injury to the wires on the under side of the cable 
is so close to the saddle that this method of repairing is 
impossible; a splicing wire would be coupled to unin- 
jured wire only at one end. The best that can be done 
with these wires is to cut them and draw them tight, so 
that they will work with the other wires of the cable, but 
have an impaired strength. This cutting should be made 
far enough from the saddle to be done on uninjured wire, 
the splices in the uninjured wire being considerably 
stronger than the unspliced injured wire. The condition 
must be accepted that the strength of the wires which 
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have been injured by fire on the under side of cable B 
eannot be restored 


In the present condition of the bridge 200 wires of cable 
A may be considered Injured, and these wires are worth- 
less in their present slack condition. These wires, how- 


ever, are all on top and can be restored to 90% of their 
original strength by splicing. The injury to this cable 
is therefore equivalent to the destruction of 20 wires. 
In all 00 wires are injured in cable B, which are useless 
in their present siack condition; 24 wires, being those 
on top of the cable, can be spliced with a loss of 10% of 
their original strength, so that the injury to these wires 
will be reduced to the equivalent of 25 wires. The other 
2) wires cannot be restored and can only be tightened? 
with their present strength. The injury then on the basis 
of the tests may be estimated as follows: 
Injured Wires. 

10 wires in lower layer. .t0%, equivalent to 60 destroyed. 

* third layers. .13%, 

To this should be added 5% of the strength of the 
original wires for imperfect adjustment, or the equivalent 
of 13 wires, this making the total injury to the under 
side of the cable equivalent to 134 wires. If to rhis be 
added the injury to the top wires the total is equivalent 
to 150 wires 

The equivalent number of wires in cables A and B 
will then be stated in the following table: 


Before fire. After 
--After fire. --repairing.~ 
Cable. Wires Wires. 
7,696 1007 7,496 97.48% 7,676 99.74% 
B 4,008 100 93.53% T5387 97.95% 


It will be observed that in their present condition cable 
A is 2.5% weaker than before the fire and cable B 6.5% 
weaker than before the fire. That after repairing, cable 
A will be only 0.25% weaker than before the fire and 
cable Bb will be 2% weaker. As the steel in the wires 
will average from 8 to 10% higher than rhe requirements 
of the specifications (200,000 Ibs. per sq. in.) cable B, 
even in its present injured condition, is stronger than the 
requirements of the specifications. 

On the other hand, the injury to the cables has occurred 
in the part of the cables where the strains are greatest. 
With this form of wire cable construction the section of 
cable is everywhere uniform, and its size determined by 
the strains where the inclination is greatest, immediately 
adjoining the saddle. If eye-bar chains were used, per- 
mitting of variations of section, the dimensions of the 
chains would be about 0% larger here than at the center. 
In every structure some margin is expected above the 
minimum required by the specifications, and when an 
injury of this kind has occurred it is desirable, if possi- 
ble, to restore the structure to the same strength that 
it had before the injury. To do this, in addition to the 
repairs already outlined, 20 wires must be added to cable 
A and 150 wires to cable B. Furthermore, some arbi- 
trary allowance should be made for the imperfect connec- 
tion which these new wires will have. If this arbitrary 
allowance is put at 25% 25 additional wires must be 
added to cable A and 200 additional wires to cable B 
The actual number of additional wires required will be 
subject to revision when the repairs of the injured wires 
ere completed and exact number finally known 

rhese additional wires must be added to the top of the 
eable where it passes over the saddle. The difficulty lies 
in connecting them with the cable, and this attachment 
can only be made by friction. The method of making 
this attachmenr, which commends itself most to us ts to 
place a series of bands, each made in two parts, around 
the cable, clamped to the cable by steel bolts, the 
upper half of each band to have a series of holes in it 
through which the reinforcing wires would pass, being 
held and adjusted to strain by nuts at the ends, these 
nuts to be somewhat similar in character to the coupling 
used to connect the cable wires. The design for these 
bands should be made with great care. The clamping 
bolt hould be of such size that when these bolts are 

rewed up to a strain of 20,000 Ibs. per sq. in., the 
pressure exerted by the band on the cable would be ten 
times the working strain of the wires; in other words, 
the bands should not slip with a coefficient of friction of 
‘1. Besides the friction created by the tension in the 
bolts the attachment of the wires_near one edge of the 
band would cause the band to bind, which would materi- 
ally increase the strength of the connections. It is not 
considered feasible to attach more than 20 wires to one 
vand, while there should be an additional band covering 
ill the wires. This would involve three bands on each 

de of the saddle on cable A and eleven on cable B. The 
band hould be placed about 1 in. apart so that each 
band will act independently of the others in securing its 
own grip On the river side the last band should be 
placed close to the first suspender clamp, the other bands 
being between this and the saddle. On the land side the 


bands should be placed at the same distance from the 
saddle. Every band should pass outside of all the wires 
which are coupled to bands beyond it, those giving ad- 
ditional friction to those wires. On cable B, the first 


band would cover 200 wires, none of which would be 
fastened to it, the second band would cover 180 wires and 
20 wires would be fastened to it, the last band but one 


would cover 20 and 20 wires would be fastened to it 
and the last band would cover no wires but 20 wires 
would be fastened to it. The eleven bands would occupy 
a space of about 12 ft. As an additional security we ad- 
vise that the 15 ft. of cable adjoining these bands be 
wrapped with wire drawn as tight as possible so as to 
further increase the adhesion of the additional wires to 
the old. 

The repairs of the cables will then consist of three 
separate operations, the splicing of the injured wires on 
top, the tightening of the injured wires on the bottom, 
and the addition of new wires. The two first of these 
operations should be performed as soon as possible. The 
additional wires could be put on immediately thereafter, 
but the final tightening of the bands and the wire wrap- 
ping should be deferred till the cable are carrying a full 
load. 

The effect of fire on high-tempered wires like those in 
the Williamsburg Bridge is so great that too much care 
cannot be taken to prevent fire reaching them, and we 
would recommend that wherever, for any purpose, it is 
necessary to keep an appreciable amount of combustible 
material near the cables, some provisional protection be 
made to prevent fire reaching them if it should occur. 

In addition to preparing this report the Board 
of Engineers was instructed to report upon and 
recommend a system of fireproof flooring for 
the bridge, under the existing limitations of 
carrying capacity on the main structure. In 
concluding its present report the Board announces 
that it will submit its report on fireproof flooring 
in a short time, 


ESTEVAN ANTONIO FUERTES. 


Prof. E. A. Fuertes, late Dean of the College 
of Civil Engineering, Cornell University, died at 
his home in Ithaca, N. Y., on Jan. 16; his death 
resulting from chronic Bright’s disease, hastened 


by pneumonia. For nearly thirty years Prof. 
Fuertes was at the head of the civil engineering 
department of Cornell University, and under his 
efficient management this department was so de- 
veloped that in 1890 it was formally erected into a 
separate College of Civil Engineering, with Prof. 
Fuertes as its Dean and Director. He held this 
position with honor to himself and profit to the 
students who came under his somewhat autocratic 
but beneficent control, until November of last 
year, when impaired health compelled him to re- 
tire from active work. 

Estevan Antonio Fuertes was born at San 
Juan, Porto Rico, May 10, 1888. He received his 
primary education in Porto Rico; then was sent 
to Spain and graduated from the Conciliar Col- 
lege of San Ildefonso, Salamanca, with the degrees 
of Ph. B. and Ph. D.; and he was trained in civil 
engineering at the Rensselaer Polytechnic Insti- 
tute, graduating in 1861 with the degree of C. E. 

Mr. Fuertes, from 1861 to 1863, was an ass’s- 
tant engineer in the Department of Public Works 
of Porto Rico, and then Director of the Western 
District of the same department. In 1863 he came 
to the United States and obtained a position as 
assistant engineer under the Croton Aqueduct 
Board, and he remained in that service until 
1869. In 1870 he was Engineer in Chief of an 


expedition sent out by the U. S. Govern 
investigate the comparative merits of s 
routes at Tehuantepec and through N; 
and for several years thereafter he practis 
consulting engineer in New York city. In °. 
was called to Cornell University to ass); 
position of Dean of the Civil Engineering | 
ment of that institution, and to this pos 
devoted the remainder of his life, with 
spicuous results already referred to. 

In connection with his duties at the coll: 
Fuertes also engaged in some professiona) 
as consulting engineer; one of his most im; 
commissions of this character being th: 
and construction of an extensive draina: 
tem for the city of Santos, Brazil, in w) 
was associated with Mr. Rudolph Hering, } m 
Soc. C. E. To his initiative also, the Col ‘ 
Civil Engineering, at Ithaca, is largely 
for its complete equipment in buildings, Jah... 
outfit and instruments. On his retirement :; 
position of Dean of the College of Civil Ene; 
ing, the trustees expressed their grateful ack.«, 
edgment of his unfailing devotion to the » 
versity by appointing him Professor of Astronomy. 
in charge of the A. C. Barnes observatory, and th, 
last months of his life were spent in supery} 
the completion of that structure. 

Prof. Fuertes was connected with a number 
scientific societies; among them the Americ 
Society of Civil Engineers; the Societe 
genieurs, of France; the Royal Economic Society, 
of Spain; the Humboldt Society and the Soviet 
of Geography and Statistics, of Mexico. He was 
decorated by the Spanish government for pro- 
fessional services. Prof. Fuertes was a man of 
striking personality; warm-hearted, enthusiastic, 
energetic and ever the courteous gentleman: andj 
his death calls out deep sympathy and regret 
from his multitude of friends. 


ANNUAL MEETING OF THE NEW ENGLAND WATER. 
WORKS ASSOCIATION. 


The annual meeting of the association was held 
at the Hotel Brunswick, Boston, on Jan. 14, 11") 
with President Frank E. Merrill in the chair and 
100 members and visitors present. Presiden. 
Merrill called attention, in his retiring annua! ad- 
dress, to the progress of the association and its 
gain in membership and in assets during the 
year. He estimated the assets, including uncol- 
lected dues and other bills, and the library, as 
$4,225, and the liabilityes nothing. The averag 
attendance during the year has been large, and 
the convention in September was the largest ever 
held by the association. During the year th 
executive committee has renewed the lease o! 
the rooms in Tremont Temple for another term «of 
three years. A general index to the “Journal” 
from the beginning is now being made by pro- 
fessional indexers, and is expected to be ready 
very soon. 

The secretary, Mr. Willard Kent, reported that 
the membership now consists of 522 members, 5 
honorary members and 60 associates, a total of 
587, which is a gain of 82 during the year. The 
total receipts for the year just passed amounted 
to $5,089, of which $2,407 were dves, and $1,510 
for advertising in the ‘“‘Journal.’”’ The disburse- 
ments amounted to $4,680. The amount of un- 
collected dues and other bills at date was $1,274. 

The report of the treasurer, L. M. Bancroft, 
showed that there was on hand at the beginning 
of the year $2,068, and at the end $2,542, a gain 
of $474. 

The tellers of election reported that for pres'- 
dent there had been elected Mr, Charles Kk. 
Walker, Superintendent of Water-Works at Man- 
chester, N. H.; and that the following officers had 
been re-elected: Secretary, Willard Kent; Treas- 
urer, Lewis M. Bancroft; Editor, Charles W. Sher- 
man; Advertising Agent, R. J. Thomas. 

Mr. E. H. Gowing, C. E., of Boston, spoke in- 
formally on “Reducing Pressure on a Gravity 
Supply,” and described a method used by him in 
constructing a water-works system for a town of 
about 500 inhabitants, situated in a valley about 
600 feet lower than the pond from which the water 
was taken, the reservoir being on the opposite sid 
of the valley. There is a surplus of water, so an 
overflow was constructed at the reservoj*, and an- 
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the pipe line between the source and the 


sent i somewhat higher than the reservoir. 
The t xpense for maintenance for last year 
was $189, and it would probably be impossible 
to giv ducing valve the necessary care there 
oe Gowing stated that his experience with re- 
ducing ives had been very unsatisfactory. Mr. 


> ¢. Coffin also expressed himself as having very 
F. 
fidence in reducing valves, but Messrs. J. 


tn nith, E. C. Brooks and Dexter Brackett 
report having very little trouble with such 
valves, although admitting that intelligent care 
was ne cssary from time to time. 

Mr. Leonard Metcalf described the “Echo Lake 
Dan Milford, Mass.” Echo Lake is a water 
supp! servoir belonging to the Milford Water 


which supplies Milford and Hopedal!te, 
Mass., having a combined population of 13,463 in 
1900, It is at the head of the Charles River, the 
drainage area above it being 1.53 square miles. 
At this point a dam was built some years ago, of 
granite rubble, curved in plan, and about 32 ft. 
nigh. In increasing the supply it became neces- 
sary to raise the dam, and this was done by 
carrying the vertical up-stream face up 10 ft. 
higher, and reinforcing the dam on the lower 
side. it was found that the original structure 
was not carried down to rock, but was founded 
on hardpan about 7% ft. above the rock. This 
was excavated below and under the toe of the old 
dam, and the new masonry carried down to solid 
ledge. All this work was of granite rubble in 
Portland cement mortar, and was bonded as thor- 
oughly as possible with the old dam. The work 
was described in considerable detail, and the 
paper was illustrated by many lantern slides. 


AN ANALYSIS OF THE “COMMERCIAL” VALUE OF 
WATER POWER PER HORSE-POWER PER ANNUM.* 
By A. F. Nagle, M. Am. Soc. M. E.7f 


The writer recently testified in court as to the value of 
water power per horse-power per annum in a manner that 
may be of interest to our membership. The problem is 
quite a familiar one to New England engineers. The river- 
flow is assured to certain abutting parties by old legisla- 
tive grants, and is usually used for power purposes. Any 
town or. ity taking water from this stream is liable for 
damages incurred by reducing the available power of said 
stream of water. The amount of power existing in the 
stream at each mill, expressed in horse-power per second, 
as well as the amount taken or diverted, by the city, and 
affecting the particular mills, is a problem for hydraulic 
engineers which I do not take up; but the value of the 
water power at each mill is a problem which I have at- 
tempied to solve. I have formulated my studies under 
three theorems, which I believe express the true principles 
under which the problem can be solved with as much cer- 
tainty as the cost of a steam power. 


THEOREM 1. The value of water power, when of 
ample capacity for a specific purpose, does not exceed the 
cost of what a competing power (steam or gas engine) can 
be installed and operated for at the same locality. 

THEOREM 2, When a water power is insufficient for a 
specific purpose, due to the varying flow at different sea- 
sons of the year, and its limited amount, then its value is 
reduced from that established by Theorem 1, by the cost 
of (installing and) operating a steam plant to make good 
this insufficiency. 

THEOREM 38. The ‘‘damages’’ to be paid annually (or 
capitalized at —% if made in one payment) for a giv- 
en amount of diverted water power is the value of the 
water power as found by Theorem 2, plus the depreciation 
in the value of the remaining water power. 


The cost of power is an element in all productive indus- 
tries, and whether it be a large or small element, the mill 
(we will call it) demands a certain amount of power, the 
cost of which, if a steam plant, can be calculated quite 
closely, probably within 10%. It is the interest of the 
mill owner to obtain this power at the least possible cost 
to himself, and he stands in the position of a buyer of 
power before the power-producing public. Two sellers 
may offer him power—a steam power producer, or a water 
power producer. Because the mill owner in New England 
is generally also a water power owner, does not change 
the relation of the power consumer to the power producer, 
a buyer and a seller, and for a clear understanding of this 


*Extract from a paper presented at the New York meet- 
ing of the American Society of Mechanical Engineers, 
Consulting Engineer, N. J. 


complex problem, it is absolutely necessary to separate the 
two parties in any analysis that may be applied to the 
problem under consideration. 

The annual cost of steam power per horse-power, includ- 
ing every item except land, can be calculated by an expe- 
rienced engineer for anv particular locality with reason- 
able accuracy. In Table I. I have given my estimates of 
engine plants ranging from 50 to ™) HP., single-condens- 
ing engines; and from 400 to 1,500 HP. compound-con- 
densing engines located along the Blackstone River, New 
England. These estimates are generally large, but as the 
items appear both in the minuend and subtrahend of the 
calculation, the remainder (resulting in the value of the 
water power) is not so seriously affected thereby. The 
result, however, of these larger figures for steam power is 
to increase the value of the water power. The items 
comprising the tables are all so well known to engineers 
that it is needless for me to comment upon them. Nor is 
it so much my purpose to establish the accuracy of these 
particular items, or their results, as it is to establish a 
principle, or method, of calculating the value of a water 
power for power purposes, and thereby take the problem 
out of the domain of prejudiced guess work. 

Theorem 1 is almost a self-evident proposition. No 
mill owner as a buyer of power will pay more for water 
power than he can install and operate a steam plant for. 
He would not even give as much 4s that, because if he had 
water power only, he would have to install a boiler plant 
for heating and other auxiliary uses; while if he had a 
steam plant, he could supply himself with this additional 
steam at comparatively small cost. For present purposes, 
however, I shall neglect this fact. 

Theorem 2 is not quite so obvious. Very few water 
powers are of sufficient power to supply the large mills 
they drive with ample power every day in the year. At 
times there is an excess, and at other times it is quite in- 
sufficient. It is at this point that a clear understanding 
must be had of the relation of the mill owner to the water 
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Fig. 1. Power Diagram at Valley Falls Co.’s Mill. 


power owner. It is not the business of the mill owner to 
meddle with the problem of this varying and insufficient 
water supply. That difficulty belongs entirely to the 
water power owner. In order to make the water power 
commercially available, in order to give it any value at all 
to the purchaser of power, in order to give it what it has 
been pleased to call ‘‘a market value,’”’ ‘‘a commercial 
value,’’ he must supplement the fluctuating water power 
with steam power. The maximum possible price obtain- 
able for the combined steam and water power has been 
fixed by the cost of a single steam plant. Hence the less 
the steam power costs him the more he will get for his 
water power. This will be more fully illustrated by de- 
tailed calculations hereafter. 

Theorem 3. This theorem is perhaps more theoretical 
than practical, for in few cases is the quantity of water 
diverted from a stream sufficiently large to affect percep- 
tibly the quantity remaining. It is, however, a fact that 
repeated diversions constantly diminish the value of the 
remaining power, and it is proper that this depreciation of 
the remaining power should be paid for at each diversion. 
This would seem to be a principle of equity, and I have 


TABLE Cost or Power per Indicated 


400. 500. 600. 


Cost of plant, per I. HP, 
Annual interest, etc., at 10% per I HP...... 6 


- $64.00 $60.00 $57. 50) $56.00 $55.50 $55.00 60 $54.00 $53. 00 "$90.00 
6.00 5.55 5.46 5.40 


Horse-power. 


investigated the application 
rather extravagant hypothesis 

To illustrate the practical application of the theorems 
here advanced, I have selected six mills and their power 
diagrams from the testimony in the suit. (Only three of 
these are here given.—Ed.) 

First, the river flow in horse-power per minute for 
every month in the year is established at each mill by 
the hydraulic engineers employed in the suit. The amount 
of the diverted power at each mill is also given by said 
engineers, but is too small to appear in the diagrams. The 
amount of power required to operate the mill, and the 
wheel capacity, are given by the mill owner. Referring 
to Fig. 1, the power of the river flow is seen to vary 
greatly. Thb's mill requires an average of *” HP. per an 
num. The water-wheel is of only 743 HP., and the mean 
annual water power is 6!) HP., requiring a steam power 
of 210 HP. to give the ‘0 HP. to the mill The low 
Stage of the river is such that a 370-HP. steam plant will 
be required at times. 

The following is a detailed calculation for obtaining the 
value of the water at the several mills: 

NO. 1.—VALLEY FALLS CO 
Required mill power 


a particular case upon a 


Full annual cost of HP. plant at $20,250 
Annual interest, etc., 370-HP sc at $4.40. .$1,62S 
Annual supplies, etc., ‘NTO HP. S.C. at 7.85.. 2,904 
Annual coal, 210-HP. S. C.........at 14.00.. 2,040 

Total cost of 210-HP. steam .......... T,AT2 
Cost of per horse-power. ........-ccccceeses $35.00 
Value of 1-HP. water...... 

NO. 3.—LONSDALE CO., No. 1. 

Maximum steam power ............ . 


Time engine runs ...... 12 month 
Full annual cost of 1,750 HP C. C. plant at § OO S58, 500 


Annual interest, ete.,1,200-HP. C.C. at $5.40. 36,804 
Annual supplies. ete.,1,200-HP. C.C. at 7.50. 0,450 


Annual coal, 1,030-HP, C. C........ at 9.50. 9,783 


Total cost of 1,030-HP. steam............ 26,089 


Cost per horse-power .............. ov 
Value of 1-HP. water........... 1000 


NO. 14.—PAWTUCKET ELECTRIC CO 
This mill must be calculated upon a basis of 24 hrs. a 
day and 365 days a year, all others having been calculated 
upon 10 hrs. a day and 306 days in the year. 


Required mill power (1,200 to 1,400) HP. 
Average water power ........... ‘ ; ted) 


2 months. 
pli ant at $60,320 
at $5.40.86,480 


at 21.46.25, (52 


Time engine runr .. 
Full annual cost of 1,300- 
Annual interest ete., 1,2 

Annual supplies. ete. 


Annual cost, 750-HP. C.C. at ......... 26.47.19, 852 

Total cost of 750-HP. steam............ $52,084 
Cost per horse-power water ............-055 $69.14 
Value of 550-HP. water B17 245 


If made upon a 10-hr. basis and 306 days a year, the 
calculation would stand as follows: 
Full annual cost of 1,300-HP. C.C, plant at $22.00.$28,600 
Annual interest, etc.,1,200-HP. C.C. at $5.40.$6,480 
Annual supplies, ete.,1,200-HP. C.C. at 7.40. 9,000 


Annual coal, 750-HP. C.C, at ......... 9.25. 6,937 

Total cost of "50-HP. steam .. : wae $22,417 


Table Il. is a summary of the preceding calculations. 


TABLE II.—Value of Water Power at Different Mills and 
Also Its Worth if it had been a Full Power. 


——Mill 
Items. 14 
Required mill power, HP... 17M 1,4) 
Average water power, HP.. 720 5) 
steam power. HP... 1,000 THO 
Maximum engine power,HP. 1,2) 1,200 
Value of full power (water)3: $22.00 $53.33* $22.00 


Value, partial water power. 18.51 17.30 31.35 11.247 


*This plant is an electric power station and was calcu- 
lated upon a basis of running 24 hrs. a day and 365 days 
a year. All the others were calculated upon running 10 
hrs. a day and 06 days a year. 

+Upon a 10-hr, basis, 306 days a year. 


Horse- Power. 


700. 800. 900. 
-Compound condensing eng 


at 1,200. 1,500. 50. 


75. 100. 150. 200. 2 50, 300. 404). 500, 


5. 75 5.60 00 


Cost banking (no heating),* por 1. 7 30 7.60 7.75 7.80 7.95 9.00 
Annual cost coal ($4.50 ton) LHP.7 12.30 11.40 1050 985 9.50 25.00 
Total annual cost fer l. HP.........+...+- 26.00 25.00 24.00 23.25 23.00 43.00 


*This has included repairs, supplies and engineer. 
jThe annual cost of coal is for 3,060 hours. 


Simple condensing engine.— 

$75.00 $65.00 $57. OO $51.00 $47.00 $4! 5.00 “$43 00 ) $42.00 
7.0 6.50 5.70 5.10 4.70 4.™% 4. TA 4.20 

8.5 8.20 &.30 &.60 8.30 7.90 7.85 7.80 

20.00 17.00 15.30 15.00 14.60 13.85 13.00 

34.70 31.00 29.00 28.00 27.00 26.00 25.00 
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MAXIMUM EFFICIENCY OF A WATER POWER 
PLANT 

Referring again to Fig. 1 it is quite evident that a 
larger wheel power would have been conducive to a 
vreater value of the water power. 

For the purpose of ascertaining the greatest value of a 
water power by the rules laid down in this paper, let us 
aseume that the minimum flow is as shown in Fig. 1! 
In that case water of RO HP. would be supplied every day 
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Fig. 2. Power Diagram at Lonsdale Co.’s Mill No. 1. 


in the year, and if it could be brought about that a mill 
required just that amount of power, the water power 
would be worth $25 per HP. (see Table I.), and the water 
owner would receive a revenue of $13,2%) per annum. On 
the other hand, if the mill still required 0) HP. and only 
a0 HP wheel power were available, then the calcula- 
tion would stand as follows: 
Required mill power 
Average steam power and maximum 
Full annual cost of 100-HP. C.C. plant at $22.50. $20,250 
Annual interest, etc., 370-HP. S.C. at $4.40. .$1,628 

Annual supplies, etc., 370-HP. S.C. at 7.85. 2,904 


Annual coal, 370-HP. S.C. at ......... 14.00. 5,180 

Total cost of 370-HP. steam............. $0,012 


Now let us go a step further, and under the same con- 
ditions and requirements put in a +} HP. wheel. Then 
the calculations will stand as follows: 


Maximum steam power 


Time engine runs -7% months. 
Full annual cost of 900-HP. C.C. plant at $22.50. . 820,250 
Annual interest ete., 370-HP. S.C. at $4.40.$1,628. 
744 mos. supplies, ete., 370-HP. S.C. at 7.85. 1,815 


Annual cost, 1986-HP. S.C. at ........ 14.00, 1.44 

Total cost of 136-HP. steam............. $5,347 
Cost per horse-power. 
Waites of TEP. 00008) 


Hence, we see that a mill requiring 00 HP. with a river 
flow as indicated by Fig. 1, can be supplied with power 
by a water power owner in one of two extreme ways. If 
he puts in only 530-HP. wheels running every day in the 
year at this power, he will receive $10,538 net for his 
water, but he must spend $9,612 for steam power in order 
to obtain this amount for his water. 

If, on the other hand, he would put in a 900-HP. wheel 
and spend $5,347 for steam, albeit it costs at the rate of 
nearly $40 per horse-power, he will receive nearly $15,000 
per annum, or $19.54 per HP. 

These calculations and a few others, made in precisely 
the same manner, are summarized in Table IIT. 
rARLE Ill.-—-Influence of Proportion of Power Utilized on 

Value of Power. 


Total net 
Required Water income Value Cost of 
mill wheel from water per HP. per auxiliary 
power. power power. annum. steam power. 
. 2 3. 4. 5. 
NSOHP. S380HP. $13,250 $25.00 
900 = 10,538 19.88 $9,612 
TOO 18.51 7,472 
900 19,54 5,347 
1200") «1200 14,752 17.71 11,828 
«1500 14,806 17.068 18.3% 


ARGUMENT.—It is sometimes admitted by engineers on 
“the other side’’ that my analysis for ascertaining the 
value of water power may be correct, but that diverted 
water power must be paid for at what it costs to take its 
place. Thus, in the case of No. 1 mill, the value of the 
water power is $18.52, but the cost of its auxiliary steam 
power is $35.60 per horse-power, and they would thus 
maintain that that should be the amount to be paid for 
diverted power. This seems very plausible, and it is a 
fallacy not easily seen through by engineers, attorneys or 
courts; but it is a fallacy nevertheless. it is a fallacy 
in the first place, because if the theory were correct, it 
would lead to absurd conclusions. Thus, if the entire 
water power of 6) HP, were taken (in the case of No. 1 
mill) and paid for at the rate of the cost of its auxiliary 
steam power,namely $35.60, the ‘“‘damages’’ would be $24,- 
564, which exceeds the cost of an entire #00-HP. steam 
plant. 

It is fallacious, im the second place, because it makes 
the ‘‘damages”’ to an imperfect or insufficient water power 
greater than is conceded to be the value of a perfect or 
complete one; that is, it is claimed that $35.60 per horse- 
power should be paid for a defective water power when 
22.4) per horse-power will pay for a perfect power. 

It were perhaps better for a clearer understanding of 
this problem if the cost of furnishing the auxiliary steam 
power were not reduced to its equivalent cost per horse- 
power at alk, and simply to say that it costs the water 
power owner so much money to supply the natural defects 
of his water power, which expense he must go to in order 
to find a market for his water power. The question of 
cost of steam power is only entered into in order to as- 
certain the true value of the water power, and it is the 
interest of the water power owner to make it as little as 
possible. As a matter of fact, for the small diverted 
power, it costs him only the price of coal, say $14 per 
horse-power per annum, while he is paid, under this 
analysis, $18.52 per horse-power. It is held, however, 
that if he is paid only for the coal consumed, he is paid 
nothing for his plant, etc., and that the defendant has no 
right to use that plant. 

The maintenance of this auxiliary steam plant is a nec- 
essity and a burden entirely upon the shoulders of the 
water power owner, in order to make his water power 
worth its maximum to himself, as shown in Table III., and 
that maximum value of water power the defendant is will- 
ing to pay. 

Two causes are at work which make this auxiliary steam 
power disproportionately expensive: First, the natural 
fluctuation of the river flow; and, second, its insufficiency 
for the uses of the mill. Neither of these causes are the 
fault of the defendant, except in the latter case, by the 
amount of diversion. It is not the fault of the defendant 
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that the auxiliary power costs what it does, and he should, 
therefore, not be made to pay for it. When he has paid 
the ‘‘market’’ or ‘‘commercial’’ value of the water power, 
plus the damages inflicted upon the balance of remaining 
power, he has met the requirements of equity. 

Theorem 3 expresses the true basis upon which ‘“‘dam- 
ages’’ should be paid. Under the analysis here laid down 
the water power owner is not injured one dollar whether 
much or little water be taken. for he is assured precisely 
the same annual income he received before the city tres- 
passed upon his rights as after. 


DISCUSSION BY MR. GEORGE I. ROCKW 

According to law, when a piece of property, 
damaged and its value thereby reduced or 
the. extent of the damage in money is to be 
by finding the difference between the fair war, 
of the property before it received the injury 
value afterwards. This difference represents 
pensation to which the owner is entitled. 

1 am told there is no exception to this ruk 
obviously just; but in the case of suits broug! 
recovery of damages occasioned by the diversion 
or all of the water from a water power privileg 
been found very difficult to apply the rule with 
tion to both parties, and some definite light 
subject is badly needed. I cannot see wherein \\; 
paper provides much illumination on the genera| 
in so far as his ideas are correct I think 
not novel, for he only applies in particular 
some general principles first enunciated 
Mr. Charles T. Main.* 
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As a result of what study I myself have be: 
give to these general principles, considered jy 
the legal rule of damage just stated, I beli. 
the relation of the engineering features to +) 
method of appraisal which causes all the trout): 
lawyers and the engineers do not see eye to 
specting what the legal issues really are. 

To apply the legal rule of damage to any give: 
is necessary, as a preliminary to all testimony, to 
two of its main points: (1) Just exactly what th. 
erty is which the diversion of the water damage: 
Just where the market for its sale lies. 

With regard to (1) it may be said that it has been jy 
that the measure of damages for the diversion of a strea 
from a manufactory was the diminished rental yaty, 
the works during the period of diversion. In thi 
the lawyer says that the particular property damage: 
not the water privilege as such, but the mill property 
The value of every part of that mill property—laud, build 
ings, machinery and tenements—has been injured by th 
diversion of the water from the mill dam. If the wat 
could be counted upon to continue to flow to that dam iy 
the natural quantity, the value of all that mill propert 
was one sum. If the water has been diverted, all th) 
property sinks in value. The difference between what 
was worth with a water supply at the dam and what it :- 
worth without that supply is the damage suffered by it 
owners by the diversion. In other words, the lawyer her 
regarded the right to use the full natural flow of th 
stream as a characteristic of that mill property—an ‘‘ease 
ment’’—or incorporeal right appurtenant to the mill rea! 
estate. His view contemplates the damage done to th 
owners in view of all of their property, which was origin 
ally located at the stream because the flowing water wa 
there; and it contemplates the damage done by the loss of 
every use to which that water could have been put in 
connection with the manufacturing carried on in that mill 
This is evidently a very broad view of the damage doi 
that mill property by the diversion. Moreover it is the 
traditional way to appraise such damages, and is thought 
by some lawyers to be the only possible way. 

It has also been held, however, in another case, that th 
measure of damages was the actual value of the use of th 
water during the time it was diverted. This measure o/ 
damages seems to be much broader than the other in that 
while it includes the loss suffered by a mill owner for th: 
uses to which he could or did put that water in his own 
mill—and hence measures at least the reduction in the fai: 
market value of his mill real estate by the diversion 
also contemplates the loss in value of the use of the 
falling water by any other user than himself. In this 
view of the matter a riparian privilege is a piece of rea! 
estate itself as much so as the land or its improvements 
If there is no possible user, situated within miles of the 
privilege, other than the mill to which it is adjacent, then 
its fair market value is quite plainly the value 
which the owner of that mill could reasonably set upon 
it; and the ‘“easement’’ theory would lead to the same 
conclusion. 

But very often nowadays the conditions are much more 
complicated, and the ‘‘easement’’ theory leads to very 
awkward situations. For example, suppose a large cotton 
mill to be on one bank of a waterfall and a much smalie: 
mill manufacturing woolens, on the opposite bank. The 
stream is variable, has very small storage capacity, and 
is used fully and equally at each mill for power, steam 
and washing the goods in process. The balance of power 
each mill requires is made up by engines. There are 
other mills in the neighborhood which are run by steam 
power and use city water for manufacturing purposes 
An electric railroad passes within a stone’s throw of the 
mill dam and is run by a steam-power plant. If water 
is diverted here and the case is tried on the lines of the 
easement theory, the result would be that no account of 
the propinquity of that railroad would be taken at al! and 
that one of those mill owners would get bigger damages 
than the other, although both own equal parts of the priv!- 
lege and each makes a full use of his part. But if the 
water privilege is considered to be property and the p.r- 
ticular piece of real estate affected, then experts on ‘lie 
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value of each use of the water can testify as to the dam- 
ages resulting from the loss of that one use, and the sum 
of these damages represents the loss in the fair market 
the privilege and should be the compensation. 


yalue 0: 

phe mills might desire to use the water in their boilers 
ind to pass it through their washing machines. But as 
ied only run &% days of ten hours each per week and 


Ji on holidays, whereas the electric street railway 
eyy day in the year 16 hours a day, very likely the 
nower part of the privilege would soon be sold to run the 


not 


In the old days, when the doctrine of water power as 
an easement of a particular piece of land grew up, such 
. market for that power was unthinkable. To-day the 
pjectric railway people would not give a cent more for 
the use of that power because of the presence of the tene- 
merts and the mills and the machinery. All 
they want is the power. Whereas originally that 
privilege had no value apart from the mills, 
and they could not run without the power of the flowing 
water, and would have had to stop and their machinery 
pe’ dispersed and the fixed improvements left to decay if 
the water had been diverted, now it is very different. 
Civilization has developed about them. An _ excellent 
quality of mill population has appeared. The town has been 
made a desirable place to live in. The cost of the com- 
peting power of steam has been very much reduced. To- 
day it is not improbable that if that dam were washed 
away before any diversion of the water it would not be 
rebuilt, or the right to rebuild it and to use the power 
would be sold to the railway. A water privilege is no 
longer the pivotal element in business it once was. It is 
worth just what can be got out of it in competition with 
manufactured power and city water supplies in favored 
regions and no more. 

Suppose the railway bought the privilege and a strip of 
land 10 ft. wide down to the wheel house from the high- 
way. Is that privilege an easement to that strip of land? 
That seems to be putting the cart before the horse. The 
jand cannot be further improved. It has no value except 
as a right of way to the dam. Is the privilege an ease- 
ment to the whole railway? That would be absurd be- 
cause the privilege was there before the railway and is 
independent of it. The simplest way is to consider that 
privilege as a piece of real estate by itself and value it ac- 
ecréirgly for «ny fair market value it has before and 
again after the diversion. If used for power, then an en- 
gineer who knows how much and how constant the power 
is can state with accuracy just how valuable this use of 
the water is, in view of the market for the sale of such 
use. If it is, or may with reasonable likelihood be used 
for any other purpose at the same time that it is used for 
power, such as for washing textile goods, or for 
beiler feed water, or for fire protection, or for irriga- 
tion or watering stock, then its value is found by adding 
the several values of these various uses as determined by 
the testimony of those who are experts in appraising such 
uses. But it is rarely necessary to make an appraisal of 
all the land and mill property of which the owner of a 
water privilege happens to be possessed, both before the 
diversion and afterwards, in order to find out what was 
the fair market value of the privilege which has been 
destroyed. This obviously cannot be done in the case 
of an undeveloped privilege, there being no land improve- 
ments whatever to appraise. 

Mr. Nagle says nothing about how to value undeveloped 
water power, nor how to appraise a developed water power 
for any other than the specific purpose for which it hap- 
pens to be used at the time of diversion. His method, if 
1 understand it, is not uncommon. He starts with the 
assumption that the measure of the value of water power 
is the capitalized net saving due to its use in a mill re- 


markets and the value of the power is reduced by the 
extra cost of freight of the finished goods, or else by the 
extra cost of transforming the water power into electric 
power and of transmitting it to the point where it is to 
be used; and this cost of the competing steam power must 
be found aot at the waterfall but at the place where the 
power is to be used. 

I believe the theory of estimating the damages caused 
to a water power privilege by the diversion of a part 
or all of the water from the dam is substantially correct 
as conveyed by Mr. Nagle in this paper; but it does nor 
cover the whole ground by any means, and it is hardly 
new in any particular. In applying this theory it must 
be remembered that the fair market value of the privilege, 
so far as the use of the water for power is concerned, de 
pends upon the greatest value it could reasonably be ex 
pected to have at the time of diversion to any one or all 
of its possible buyers. This, as Mr. Nagle shows, is be 
cause the competing steam power costs less and less per 
horse-power as the total steady power required increases 

In the opening paragraph of the paper occurs the fol- 
lowing remark: 

The amount of power existing in the stream at each mill, 
expressed in horse-power per second, as well as the 
amount taken, or diverted, by the city, and affecting the 
particular mills, is a problem for hydraulic engineers 
which I do not take up. 

As horse-power is the rate of doing work, I dare say that 
what was meant was ‘‘expressed in  foot-pounds per 
second,”’ 

The amount of power which a turbine develops, or the 
amount of water which passes through it, may be re- 
corded minute by minute, hour by hour, day by day, by 
the use of an attachment invented and applied by Mr. C 
M. Allen, Assistant Professor of Experimental Engineer- 
ing at the Worcester Polytechnic Institute, the broad idea 
being the suggestion of myself. It is a device for record- 
ing the discharge of a turbine, using the turbine itself as 
the meter. It is necessary to know the curve of efficiency 
of the wheel and the rate at which water flows through it, 
at constant speed, for all parts of the gate opening. The 
problem then is to drive the hands of a meter dial at the 
same rate that water flows through the wheel, if it 1s 
desired to know the water consumption; or at the rate at 
which power is developed if it is desired to. know the 
average power developed during a given period of time. 

Water flows through the wheel at a rate that changes 
with the change in the gate opening and with the change 
in the head acting on the wheel. The method which Mr. 
Allen employed to drive the dial hands at a rate correctly 
proportioned to the flow of water through the wheel under 
all the conditions as to head and gate opening is as fol- 
lows: A cylindrical drum having a fine-toothed surface 
is revolved two revolutions a minute by a worm wheel 
gearing from the turbine shaft. By means of its teeth 
it drives a small, narrow-faced gear at a varying rate of 
speed. This pinion is mounted loosely upon its shaft and 
drives it by riding up and down on a key as long as the 
drum, so that, whether the pinion is at one end of the 
drum or at the other, or at any intermediate point, it 
continues to drive its shaft. The toothed surface of the 
drum is partly cut away on a slanting curved line begin- 
ning at the top and ending at the bottom; so that if its 
remaining surface were developed on a plane surface it 
weuld have a shape resembling a triangle. That is, the 
number of teeth on an element of the circumference of the 
drum varies from nearly an entire circumference full at 
the top to one or two only at the bottom. The position of 
the pinion relatively to the face of the drum is controlled 
by the movement of the gate. When the gate is wide open 
the pinion is driven by the greatest number of teeth. 
When it is nearly shut the pinion is driven at its slowest 
speed. The number of teeth driving the pinion at any 


a suiall gear at the end of the pinion shaft. The toothed 
surface of this second drum is cut away in the same man- 
ner as that of the first, or gate, drum. It drives a pinion 
mounted loosely on a shaft as long as its own surface 
This second pinion is moved across the face of the head 
drum from one end a distance proportional to the redue 
tion in the head of the wheel, whether caused by back 
water in the tail-race or by a lowering of the surface of 
the water in the forebay. The number of teeth on the 
drum which engage the pinion in one revolution is made 
proportional to the reduction in the flow of water througti 
the wheel caused by the reduction in the whole head 
Thus the dial records correctly the flow of water through 
the turbine regardless of the change in either head or 
gate opening. 

The first installation of these meters was made at the 
Geo. H. Gilbert Mfg. Co., Gilbertville mill, Mass., nearly 
two years ago. Apparently it does not deteriorate in any 
way by the lapse of time 


THE NEW SWING SPAN AND SUBSTRUCTURE FOR THE 
INTERSTATE BRIDGE, OMAHA, NEB. 

The Interstate Bridge across the Missouri River 
between Council Bluffs, Ia.. and East Omaha 
Neb., was constructed in I8&%3 by the Omaha 
Bridge and Terminal Ry. Co. As some of our 
readers will remember, this structure was made 
notable by a swing span 520 ft. long, which is 
the longest swing span ever constructed. This 
swing span and its pivet pier were the only parts 
of the original bridge which were of permanent 
construction. To connect the permanent swing 
span with the banks of the river a temporary 
structure was built. This temporary structure 
consisted of three 1%2-ft. fixed spans and about 
ab ft. of timber trestle approach, and its center 
line was set at an angle of 10° 33’ with the center 
line of the permanent bridge, the center of the 
pivot pier of the swing span forming the common 
point of the two structures. The object of this 
angular variation was to free the site of the future 
permanent structure from any hindrance to con- 
struction when the time came to build the final 
bridge, and also to enable traffic to be carried 
over the temporary structure without hindrance 
while the permanent bridge was being built. 
Finally, by having the common point of the two 
structures at the center of the pivot pier of the 
swing span all that was necessary to change 
traffic from the temporary to the permanent 
structure was to turn the swing span through an 
angle of 10° 52’. 

OLD STRUCTURE.—The 520 ft. swing span 
built in 1893 was of permanent construction and 
was designed to carry a double track railway 
inside the trusses and electric cars and highway 
and pedestrian traffic on cantilevered roadways 
outside of the trusses. <A full description of this 
span and its operating machinery was published 
in Engineering News of Dec. 7, 1803. The three 
fixed spans were of temporary construction and 
these and the timber trestle approaches were 
designed to carry only a single track, but the 
entire roadway was floored so as to provide for 
highway traffic. All of the piers, excepting the 
pivot pier, for the swing span, were construec’ed 64 
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quiring a stated power to drive it; and he then proceeds to 
find out what that saving was before the diversion and 
what it is after the diversion. The difference represents 
the net loss of income, and this sum capitalized at a fair 
rate per cent. represents the damages due to the loss of 
the power. 


Mr Nagle’s Theorem I. leaves one to infer that a power 
of invariable amount is worth whatever it would cost to do 
the same work by steam power. But whether this is true 
or not depends entirely upon the situation. If fuel is high 
in cost, then in all probability the location is remote from 
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DOUBLE-SWING SPAN BRIDGE OVER THE MISSOURI RIVER AT EAST OMAHA, NEB. 


Co., New York, N. Y., Contractors for Substructure. 


particular gate opening is proportional to the quantity of 
water passing through the turbine at that gate opening, 
the head being considered a maximum. If the head never 
lowered it is evident that the speed of this pinion shaft 
would always vary at the same rate as the flow of water 
through the turbine varied. 


If the head is reduced then the flow of water through 
the wheel is also reduced, and it is necessary to make a 
subtraction from the number of revolutions per minute 
which the pinion shaft is driven by the drum before the 
dial is affected. To do this a second drum is driven by 


American Bridge Co., New York, N. Y., Contractors for Superstructure; Foundation & Contracting 


piles, The method of driving these piles by water 
jet was fully described in Engineering News af 
April 19, 1894. Although three of these pile piers 
are in the channel of the river they have with- 
stood the high waters of the past nine or ten 
years and are at present in very good condition 
At times, very great scour has occurred around 
piers No. 3 and No. 4, and they have been forced 
downstream a few inches, but by rip-rapping 
around them and bracing the piling below water 
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with adjustable chains, this movement was 
stopped before reaching any serious amount. 
When the existing structure was completed it 
was intended to rebuild the temporary portion 
if the work within seven or eight years, but the 
structure proved more durable than was ex- 
pected, so that the rebuilding was postponed 
until the present time. 

NEW CONSTRUCTION.—The final permanent 
structure of the Interstate Bridge is shown in 
diagram elevation by Fig. 1. teginning at the 
tower end there is a short plate girder span 
of new construction, followed by the old 520-ft. 
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Fig. 2. Details of Masonry-Faced Concrete Pier for 
East Omaha Bridge. 


swing span; the new construction then recom- 
mences with a 520-ft. swing span, followed by 
eight plate girder spans reaching to the Nebraska 
shore All of the substructure except the pivot 
pier of the old swing span is new construction. 
As will be observed the channel of the river is 


changing channel of the river there was always 
danger that were a fixed span adopted, the 
channel would shift underneath it from the 
present swing span and consequently close the 
river to navigation. In fact we understand that 
this shifting of the channel is already taking 
place. With two swing spans, which together 
span the total width of the channel as the bridge 
is now designed, the channel must move outside 
the present banks to get from under the draw 
spans. (2) The cost of the additional swing span 
and of the substructure of the entire bridge was 
found to be less than for a structure with a 560- 
ft. fixed span. 

SUBSTRUCTURE.—The new substructure, be- 
ginning on the town side of the river and as 
shown by Fig. 1, consists of the following struc- 
tures: Abutment A, concrete resting on sand; 
Pier 1, masonry shaft and concrete base resting 
on pile foundations; Pier 3, masonry shaft resting 
on pneumatic caisson sunk in sand to a depth 
of 84 ft. below low water; Pier 4, masonry 
shaft resting on a steel shell sunk by open dredg- 
ing to solid rock 120 ft. below low water, and 
filled with concrete; Pier 5, masonry shaft resting 
on a pneumatic caisson sunk in sand to 74 ft. 
below low water; Piers 6 to 12, concrete shafts 
and bases resting on pile foundations, and abut- 
ment B, concrete shaft and base resting on a 
pile foundation. 

The following are the approximate quantities 
in the structures enumerated above: 

Mass in cribs and caissons of pneumatic 


Mass in base of new pivot pier...... ee 5, - 
Mase in bases of pile piers and abut- 

Masonry in shafts of four large piers. . 2,135 
Concrete in shafts of shore piers and 

Piling below bases of concrete pier...... 19,900 lin. ft. 


The shafts of all the river piers are to be built 
of concrete and faced with Kettle River sand- 


the shaft, making its width 12 ft., and the wi4 
of the coping course above is 13 ft. ‘The 
of Pier 3 rests on a timber pneumatic Caiss 
the construction of which is shown by Fig 
Pier 5 has a similar caisson foundation. Th 
caissons are being sunk through sand and 

rest on sand bottom, one at a depth of 84 


et 
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Fig. 3. Timber Caisson for Pier 3 of East Omaha 
Bridge. 


and the other at a depth of 74 ft. below low 
water, making necessary rather high air pres- 
sures. Fig. 3 shows the caisson construction su 
completely as to require little description. Al\ 
timber is long leaf Southern pine, sized anid 
dressed on all sides. The inside of the working 
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crossed by the two swing spans. It was intended 
at first to replace the three 192-ft. fixed spans of 
the temporary structure by a 560-ft. fixed span, 
but this plan was subsequently changed and a 


H2U-ft. swing span was substituted. The reasons 


for this were: (1) On account of the continually 


stone. Fig. 2, which is a plan and elevation of 
the shaft for Pier 3, shows this construction 
clearly. In reference to this pier it should be 
noted that the shaft is 12 ft. 9% ins. thick at the 
base, and 11 ft. thick at the top. The top course 
of the facing projects 6 ins. beyond the sides of 


chamber is lined with 3-in. sheating spiked to 
the timbers by % x 7-in. nails, and the outside 
sheating is of 2-in. stuff spiked in place by 5-16 
x 6-in. nails. The main timbers are connected 
by % x 22-in. drift bolts spaced not ovef 4 ft. 
apart. 
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The new pivot pier for the new swing span is 
almost an exact duplicate of the corresponding 
pier of the old swing span. This old pier was 
fully described in Engineering News of Nov. 21, 
1898. Briefly described, the new pier consists of 
two concentric cylinders of steel spaced 10 ft. 
apart, the outside cylinder being 40 ft. in diameter 
and the inside cylinder is 20 ft. in diameter. At 
the bottom, the inside cylinder is placed to con- 
nect with the outside cylinder and form a wedge- 
shaped cutting edge, and the two cylinders are 
thoroughly braced together by struts and ties 


spanning radially the annular space. This an- 
nular space is filled with concrete as the sinking 
progresses. The metal for the inside cylinder 


is “.-in., and for the outside cylinder is -in. 
soft steel. The total height of the cylinder from 
cutting edge to top is 114 ft., and when sunk its 
top will come some 6 ft. below low water level. 
It will be sunk by dredging through the open 
well formed by the inside cylinder, and will then 
be filled and capped with concrete on which will 
rest the masonry shaft of the pier proper. No 
particular difficulty was had in sinking the corre- 
sponding and similar pier for the old swing span, 
there being ample weight to settle it as the ma- 
terial inside was removed by dredges, and none 
is anticipated in sinking this pier. Provision has, 
however, been made for using a number of water 
jets around the cutting edges should they be re- 
quired for sinking. 

The smaller piers and abutments are of con- 
crete throughout, the cappings being made of 


structure when not deposited under water is to 
consist of 1 part Portland cement, 3 parts clean 
coarse sand, and 5 parts of limestone broken to 
pass a 2%-in. ring. In the bases of the piers 
sunk by open dredging, it is necessary to deposit 
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Fig. 5. Diagram Plan of Turntable Drum for 520-ft. 
Swing Span. 


enough of the concrete through water to seal the 
bottoms of the cribs and for all concrete so de- 
posited the composition is: 1 part Portland cement, 
2 parts clean sharp sand and 3 parts stone broken 
to pass a %-in. ring. 


stresses in the different members and their gen- 
eral composition. This span was designed to 
carry two railway tracks between trusses, and 
highways, electric car tracks and sidewalks on 
cantilever platforms outside of the trusses. The 
old span was designed to carry the same traffic, 
but the live loads used for the new span are 
very much heavier than those used for the old 
as will be seen from the following comparison: 


Old New 
Live loads for railway stringers, Ibs. per 
Live load for railway floor beams, lbs. per 
aa oo for trusses, lbs. per lin. ft. 
Dead for trusses, Ibs. lin. ft. 


The total weight of metal in the old span was 
2,768,000 Ibs., and in the new span it is 3,900,000 
Ibs. These weights of metal do not include the 
cantilever roadways which are not to be built at 
present. With only one exception, we believe, 
this new swing span is the heaviest ever erected, 
this exception being the 389 ft. swing span of 
the New York Central & Hudson River R. R.. 
over the Harlem River at New York city, which 
weighs 4,400,000 Ibs. In length the new swing 
span compares with others as follows: 


Purpose. Length, ft 

Omaha, Neb. (two spans). 2trk. r'y; 2 roadw'ys oe 
Thames River, New 

London, Conn......... 2 trk. railway, non 

Arthur Kill, Staten Island, 1 trk. railway, 500 

Raritan River,N. Y. & L’g 

1 trk. railway, 472 


The material for the new swing span was 


medium steel of the quality 


called for by Waddell’s 
7 0%" 7 specifications, and all work- 
109 iii 28.7 2 77 manship corresponds sub- 


2° 6% 3,28. 


stringers, 51.01 sq. ins; 
Half Elevation of Segment aq. 
, ow Half Elevation of Segment OS. plate girder floor beams, 
656 +2; 28 Cross Section Vertical 


C of Shaft 


Bo 


franitoid composed of 1 part Portland cement, 
- parts clean coarse granite sand and 3 parts of 
sranite chips passing a %-in. ring. The concrete 
for these piers and for all other parts of the sub- 
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Pian. 


SUPERSTRUCTURE.—The important part of 
the superstructure in the new construction work 
The truss construction 
of this span is shown by Fig. 4, which gives the 


is the 520 ft. swing span. 


of Segment IS Section AB. 


FIG. 6. DETAILS OF TURNTABLE 
DRUM SEGMENTS. 


intermediate, 110.72 sq. ins, end, 
98.72 sq. ins., box transverse girders 
over drum, 312.77 sq. ins.; box longi- 
tudinal girders over drum, 470.4 sq. 
ins. 

The turntable construction of the 
new swing span is shown by Figs. 
5 to 9. In general it will be noticed 

Joy that a double-webbed drum, with two 
F circles of rollers and two concentric 
roller tracks is employed. Proceed- 
ing now to the details of the struc- 
ture, the drum construction calls for 
consideration first. This is shown 
by Figs. 5, 6 and 7. Fig. 5 is a 
diagram plan of the drum showing 
the location of the ring splices, the 
loading diaphragms, the bearing gird- 
ers, etc. Fig. 6 shows the details of 
representative segments of the drum, 
including the loading diaphragms and 
shaft brackets. It will be observed 
that the span has eight bearing 


points on the drum. The notable 
features of these bearings is the use of a cast 
ball and socket bearing at each point. We be- 
lieve that this is an absolutely new feature in 
As will be seen from 


swing bridge construction. 
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Fig. 7, which shows the detafls of the ball and 
socket bearing, the socket casting is attached 
directly over the loading diaphragms, while the 
ball casting is attached to the bearing girders 
of the span. 

The drum is carried on two rings of rollers, 
with 56 rollers in each ring, and is pivoted to a 

enter casting or pivot. Fig. 8 is a detail of the 
pivot casting showng the manner in which the 
vertical drum struts, eight in number, and the 
roller struts, also eight in number, are pivoted to 
it by plate disks. The roller struts connect at 
these outer ends with the inside roller spacing 
ring. There are three of these spacing rings as 
shown marked A, B. and C in Fig. 9. It will be 
seen from this drawing that the rollers of the 
inner and outer circles are staggered. The draw- 
ing also shows the character of the roller tracks 
and of the rack, and all details of the rollers and 
their connections. 

The swing span will be operated by electric 
motors installed in duplicate, and the operating 
machinery is designed to raise the ends and turn 
the span through 90° in about 2% minutes. It calls 
for no particular description except to state that 
all gears, tracks, rollers, rack and pedestals are 
of cast steel and all high speed gears have cut 
teeth. The machinery houses are of fireproof 
construction, with steel framework, concrete 
floors and walls of Portland cement plaster on 
expanded metal laths. 

The principal points in which the design for 
the new swing span differs from that of the old 
span designed by Mr. J. A. Waddell, M. Am. Soc. 
c. E., ten years ago, are as follows: (1) In the 
new span the live loads are very much greater 
and, consequently, the span is heavier. (2) All 
lateral and sway bracing is much more rigid in 
the new span than in the old. (3) For all cast- 
ings in the new span cast steel has been used, 
while in the old span they were cast iron. (4) 
The new span has a double-webbed drum and 
two circles of rollers, while in the old span a 
single webbed drum and one circle of rollers were 
used. The loading of the drum by means of ball 
and socket bearings is also a new feature. (5) 
The ends of the new drum will be raised by 
wedges, while toggles were used in the old span. 
(6) The lower tracks of the new turntable are of 
a much stronger and more rigid form of construc- 
tion than that used in the old span. The total 
cost of the entire new work will be about 
S000,000, 

ENGINEERS AND CONTRACTORS.—The de- 
signing and superintending engineers of the new 
construction are Waddell & Hedrick, Consulting 
Engineers, of Kansas City, Mo. The substructure 
work is being done by the Foundation & Con- 
structing Co., of New York City, Mr. Geo. Adgate 
being in direct charge of the work. Work was 
begun Oct. 22, 1902, and the contract time for 
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Fig. 7. Ball and Socket Bearings Between Drum and 
Bearing Girders. 


completion is June 1, 1908. The superstructure 
will be manufactured by the American Bridge 
(o., and the contract time for completion is Nov. 
1, 1085. 


NOTES FROM THE ENGINEERING SCHOOLS. 


NORWICH UNIVERSITY.—Founded in 1819, 
Norwich University of Northfield, Vt., lays claim 
to being the pioneer engineering school of the 
l’nited States. The system of instruction is mod- 
eled after that of West Point. 


MASSACHUSETTS INSTITUTE OF TECH- 
NOLOGY.—It is interesting to note that of the 
536. living graduates in mechanical engineering, 
fully 85% are pursuing occupations for which 
their training has especially fitted them. 

CORNELL UNIVERSITY.—To date, the regis- 
tration is 2,968, of which 886 are accredited to the 
Sibley College of Mechanical Engineering, thus 
making this department second only in point of 
numbers to the Department of Arts and Sciences. 

CASE SCHOOL OF APPLIED SCIENCE.— 
The practice of receiving students on certificate 


Vol. XLIX. No. 4, 


the inauguration ceremonies will take Place 
These will also be held in the Carnegie Laborat.- 
At 7 p. m. there will be a reception and dinn- 
tendered by the Alumni, at 3t. ar 
Fifth ave, New York lity. 
guests are expected to be present at this dinr-. 
Those of the Alumni who remember the din; 
given celebrating the 25th anniversary of 
Institute, which was held a few years ago at + 
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FIG. 8. DETAILS OF CENTER PIVOT AND DRUM AND ROLLER STRUTS. 


is to be discontinued, and all candidates for ad- 
mission will be examined. Candidates for admis- 
sion must be at least 17 years old. 

UNIVERSITY OF VERMONT.—During the 
past season a new foundry has been built. It is 
furnished with a cupola furnace, brass furnace, 
core-oven and a complete outfit for bench and 
floor molding. A new forge shop has also been 
constructed and contains the most modern equip- 
ment. The forges and fans were the gift of Mr. 
E. N. Foss, of the class of ’81, who is connected 
with the B. F. Sturtevant Co. of Boston, and the 
tools were given by Mr. John H. Converse, of the 
class of ’61, one of the trustees of the University 
and well known through his connection with the 
Baldwin Locomotive Works. 


COLORADO STATE AGRICULTURAL COL- 
LEGE.—The irrigation engineering course has 
been extended by another full year. This is to 
take effect with the present freshman class. En- 
trance requirements are raised by one full year, 
so that the class that was freshman a year ago 
are again classed as freshmen this year. 

For field work this present year the students 
of the junior and senior classes ran a line of 
levels and a transit line from Estes Park, at an 
elevation of 7,600 ft., to the top of Long’s Peak, 
an elevation of 14,270 ft. The United Sta‘es 
Geological Survey has connected the bench mark 
with the base of the United States Coast Survey 
at Denver. 

THAYER SCHOOL OF CIVIL ENGINEER- 
ING.—The students recently had a very interest- 
ing talk from Mr. Elmer L. Corthell, civil en- 
gineer, lately consulting engineer for the Ministry 
of Public Works, Argentine Republic. This cov- 
ered not so much technical points of engineering 
practice as conditions and qualifications for pro- 
fessional success. Mr. Corthell gave to the Tuck 
School of Administration and Finance and to the 
students of Dartmouth College a very instructive 
lecture on “The Argentine Republic, Its Industrial, 
Commercial and Engineering Features,” which 
was illustrated by lantern slides. 

More recently Mr. M. F. Brown, Chief Engineer 
of the Boston Bridge Works, gave to the senior 
class of the Thayer School two lectures on framed 
structures, one dealing with steel frames for 
buildings and the other with the improved recent 
practice in the design of highway and railway 
bridges. 

STEVENS INSTITUTE OF TECHNOLOGY.— 
A series of interesting events in connection with 
tle formal inauguration of Mr. Alexander C. 
Humphreys as president, will take place on Feb. 
4 and 5. On the evening of Wednesday, Feb. 4. 
there will be held in the Carnegie Laboratory of 
Engineering a reception given by the alumni to 
President Humphreys. This will take the place 
of the usual midwinter meeting of the Alumni 
Association. On Thursday, Feb. 5, at 2 p. m,, 


Waldorf, and the more recent dedication of the 
Carnegie Laboratory of Engineering, will know 
what to expect at the forthcoming dinner. Ad 
vance acceptances have already been received 
from the presidents or other represntatives of 
many leading universities and technical instity 
tions of the East. 
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VENTURI METERS are to be used extensively on the 
distribution system of the Metropolitan Water Supply at 
and near Boston, Mass. About fifty 48 to 8-in. meter 
have been ordered and half of them are already in pos!- 
tion. Only a few registers for recording the flow through 
the meters are yet in position, but pending their installa- 
tion manometers are being used to determine the flow of 
water to the districts controlled by the meters thus far 
set. These meters are being placed under a recent act 
of the Massachusetts legislature directing the Metropolitan 
Water and Sewerage Board to report on the quantity of 
water being used by the several towns and cities, the best 
means of assessing the cost therefor upon the communt- 
ties supplied, and also measures for preventing waste 
At present the cost of the water supply is apportioned on 
the basis of relative population and valuation. Boston 
pays proportionately to its population alone, and bears 
82% of the capital charges and operating expenses. Of 
the remaining cost one-third is distributed among the 
other municipalities in proportion to their respective valu- 
ations, and two-thirds in proportion to their respective 
populations. Obviously such a plan does not tend to 
rivalry among the various communities to prevent waste 
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Inner Roller Connection. 


Fig. 9. Details of Rollers and Connections. 


The forthcoming report to the legislature will be awai'«! 
with great interest, particularly as this will be the *: 

accurate, systematic and continuous study of the wa'e 
consumption of a group ot municipalities ever made |) 
this country. Mr. F. P. Stearns, M. Am. Soc. C. E,, i 
Chief Engineer of the Metropolitan Water and Seweras” 
Board, and Mr. Dexter Brackett, M. Am. Soc. C, E., | 
Engineer of the Distribution Department. 
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